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ABSTRACT 


lis  project  was  concerned  with  obtaining  sufficient  data  for  de¬ 
termination  of  a  method  to  predict  damage  to  ordnance  equipment  exposed 
to  nuclear  blas'^  ThA-Jtilintlftmil  lintti  wnt»n  ri«a<^aH  <n 
the  afiS>p»  «^nd-7£llability  of  the  damage  criteria  reported  in  TM  23-200. 


le  following  number  of  various  ordnance  items  were  exposed  to 
provide  a  means  for  a  statistical  estimation  of  damage: 


Trucks,  2-1/2  Ton  M-35  s- 27  each  ' 

JK  Trucks,  1/4  Ton  M-38A1  .  ——27  each/ 

jf{  mm  Guns,  ^^-l  .  .  .  .  .  . . 27  eaeb>,<, 

am  Howitaers,  .  r  .  .  -  5  e'ach’*^:.  «- 

90  mm  AA  Gxin,  M-lAl  ...  r  .......  .  ..  2  each^^ 


In  addition,  six  armored  vehloles  were  obtained  from  Camp  Desert  Rook 
for  exposure.  K 

Coordina'^  with  the  statistical  analysis,  an  attempt  was  made  to 
verify  the  Armour  iesearch  Foundation  prediction^jfethods  for  rotational 
and  translational  motion  of  vehicles,  with  the/l»s8ibility  of  further 
correlating  this  motion  with  damage.  The  test  items  exposed  were  also 
used  for  verification  of  the  prediction  aamod  for  damage  to  ordnance 
items  devised  by  Ballistic  Resc^^h  Labpcutories. 

Damage  obtained  on  Shot  9  wa^'^titlun  the  realm  of  statistical  esti¬ 
mation  of  damage  and  agreed  to  a  faj^ne^ee  of  accuracy  with  the  pre¬ 
dicted  effects  based  on  the  Ballistic  Resda]^  Laboratories'  prediction 
method.  The  cause  for  the  extensive  damage  om^hot  10  apparently 
resulted  from  dynamic  pressured'  related  to  sldo^an  pressures  of  the 
ideal  pressure-distance  curve  rather  than  fron  dymM^c  pressures  related 
to  the  low  side-on  pressures  observed.  At  least,  th^s^ta  strongly 
suggest  this  was  the  case.  ^  \ 

The  conclusions  in  genual  are:  \ 

1.  Damage  within  the  regular  reflection  region  wlU^  equivalent 
to  or  less  than  the , damage  resulting  from  equal  overpressur^  within 
the  Mach  region. 

2.  EquipaMBt  exposed  in  side-on  orientation  are  more  vulnera^e 
to  blast  than  either  fhce-on  or  rear-on  orientation. 

3.  The  probability  curves  obtained  I'Tom  the  analysis  provide 

the  critera  for  predicting  damage  only  to  the  type  of  equipment  tested. 

4«  The  Ballistic  Research  Laboratories'  prediction  method  was 
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partly  verified  and  part^  contradicte^i^  It  is  believed,  however,  that 
this  method,  with  modifica<^ns,  wiUr  provide  a  suitable  method  for 
predicting  damage  to  equipmebt^thprr  than  tested. 

5.  The  calcvilationa  based^fe^he  Armour  Research  Foundation's 
prediction  method  provided  the>^opei^-order  of  magnitude  for  the  response 
parameters,  although  in  geneipdl  the  response  occurring  was  vinderestimated. 
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FOREWORD 


This  report  is  one  of  the  reports  presenting  the  results  of  the 
78  projects  participating  in  the  Military  Effects  Tests  Program  of 
Operation  UPSHOT-KNOTIK)LE,  which  included  11  test  detonations.  For 
readers  interested  in  other  pertinent  test  information^  reference  is 
made  to  WT-782,  Summary  Report  of  the  Technical  Director,  Military 
Effects  Program.  This  sunanary  report  Includes  the  following  information 
of  possible  general  Interest. 

a.  An  over-all  description  of  each  detowtion, 
lncl\idlng  yield,  height  of  burst,  ground  zero 
location,  time  of  detonation,  ambient  atmospheric 
conditions  at  detonation,  etc.,  for  the  11  shots. 

b.  CcMnpilation  and  correlation  of  all  project 
resiilts  on  the  basic  measurements  of  blast 
and  shock,  thermal  radiation,  and  nuclear 
radiation. 

c.  Compilation  and  correlation  of  the  various 
project  results  on  weapon  effects. 

d.  A  summary  of  each  project,  inclxadiiig  objectives 
and  results. 

e.  A  complete  listing  of  all  reports  covering  the 
Military  Effects  Tests  Program. 
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PREFACE 


The  Dfiln  concern  of  this  report  is  the  effects  of  blast  on 
ordnance  equipment  exposed  to  nuclear  detonations.  The  Information 
contained  herein  represent  the  findings  by  the  authors  up  to  the  time 
of  this  vnrltlng.  Upon  additional  analytical  work  and  the  completion 
thereof,  supplementary  reports  will  be  published  covering  the  subject 
matter. 

A  concerted  effort  was  made  to  devise  a  practical  and  realistic 
evalitatlon  of  damage  affecting  the  combat  \ise  of  the  ordnance  equlp>- 
ment.  No  attempt  was  made  to  ascertain  the  relative  importance  of  the 
various  components  influencing  the  over-all  combat  use  of  the  items. 

In  general,  if  any  component  was  damaged  whereby  a  significant  part  of 
the  over-all  combat  efHolency  was  lost,  the  item  as  a  whole  was  con¬ 
sidered  not  usable  for  immediate  combat.  The  time  assigned  for  repair 
and  the  echelon  of  maintenance  to  instore  the  item  to  combat  tise 
serves  to  indicate  the  extent  of  damage. 

The  development  of  the  prediction  method  devised  by  Armour  Research 
Foundation  is  described  thoroughly  in  their  reports  submitted  to  Opera¬ 
tions  Research  Office  of  the  Johns  Hopkins  University  under  "IVoJeot 
Attack."  Because  of  the  lack  of  wide  distribution  of  the  above  reports, 
the  Armour  Research  Foundation's  prediction  method  as  applied  for  this 
test  is  presented  briefly  herein  to  give  the  reader  a  general  idea  of 
the  procedure  for  the  analytical  approach.  The  applications  of  this 
method  to  the  exposed  vehicles  were  made  by  Terminal  Ballistics  Labor¬ 
atory  of  Ballistic  Research  Laboratories  and  the  nunerlcal  solutions 
of  the  equations  for  rotational  motion  was  done  by  the  Computing  Lab¬ 
oratory  of  Bsdlistic  Research  Laboratories. 

It  is  pointed  out  that  the  data  presented  in  this  report  are  more 
complete  and  accurate  than  the  data  presented  in  the  Preliminary  Report, 
UKF-24.  Therefore,  it  is  requested  that  the  preliminary  report  be  no 
longer  used  as  a  reference  and  the  copies  be  destroyed. 
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SECRET 


CHAPTER  1 

INTROODCTION 


1.1  OBJECTIVES 

The  test  design  of  Projeot  3.21  pfroYided  a  means  for  three  speel- 
flo  objeotlTes}  (1)  obtain  statistleal  data  on  damage,  (2)  Yerlfleation 
of  the  predletlon  method  devised  b^  Axmour  Research  Foundation  for  rota¬ 
tional  and  transimtional  notion  of  ordnance  items  acted  on  bgr  external 
forces,  such  body  motions  to  be  correlated  with  damage  sustained,  and 
(3)  ▼erlfioatlon  of  the  prediction  method  of  damage  to  ordnance  items 
exposed  to  atomic  blasts  as  devised  by  Ballistic  Research  Laboratories. 

The  information  obtained  would  lead  to  the  ultivtte  objective  for 
determining  a  method  for  predicting  damage  to  ordnance  equipment  e:qposed 
to  nuclear  blast. 

In  a  military  tactical  situation,  whether  it  be  a  tactical  offense 
or  tactical  defense,  it  is  of  priaary  isportanoe  for  a  field  commander 
to  know  just  how  vulnerable  ordnance  equipment  is  to  atomic  attack  and 
also  to  be  able  to  estimate  the  percentages  of  various  types  of  ordnance 
equipment  which  will  be  inoperable  as  a  result  of  a  nuclear  blast. 
Therefore,  the  purpose  of  Projeot  3.21  was  to  increase  the  scope  and 
reliability  of  daiMge  criteria  reported  in  IN  23-200  wherehy  tte  effects 
of  atomic  weapons  msy  be  judged  to  a  fair  degree  of  accuracy. 

1.2  BACKOHDIIID 

In  i^il,  1952,  the  Ballistie  Research  Labooratories  (BRL)  were 
requested  by  the  Office  of  the  Chief  of  Ordnance  (OOO)  to  inveotigate 
the  further  need  for  exposure  of  ordnance  equipment  to  an  atomic  blast. 
The  request  was  made  in  view  of  two  projects  sidmitted  for  oondnot 
during  Operation  UPSHDT-KNDTHOLE.  The  Project,  OetMmlnation  of  Damage 
Criteria  to  Critioal  Items  of  Military  Equipment  and  SmpiUes,  was  sub¬ 
mitted  by  Office  of  the  Chief,  Amy  Field  Faroes  (OCAFF),  on  the  basis 
that  the  data  reported  in  TM  23-200  were  Inadeqaate  to  provide  reliable 
damage  criteria.  The  other  projeot.  Field  Tasting  of  Army  OMcational 
Equipment,  was  submitted  throv^i^  Operations  Resear^  Offioe  \0RD)  of 
the  Jdm  Hopdcins  Dhiversity,  bgr  Armour  Researdi  Fbnndatlon  (ARF)  in 
order  to  verify  prediotion  methods  for  rotational  and  translational 
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notion  of  rigid  bodies,  STolved  under  Frojeet  Attaok.  The  prediction 
method  hj  ASF  vas  evolved  with  the  Implied  belief  that  there  existed  a 
correlation  between  motion  and  damage. 

A  survey  of  existing  information  on  the  effects  of  ordnance  mate¬ 
riel  to  nuclear  blasts  was  conducted  to  determine  whether  or  not  further 
exposures  were  required.  An  examination  of  the  data  indicated  that  the 
exposure  of  ordnance  materiel  to  nuclear  blasts  has  been  limited  amd  in 
many  instances  such  equipment  was  exposed  under  conditions  \diere  sero 
damage  occurred,  l^pon  co^;>letion  cf  the  survey  and  examinaticn  thereof, 
it  became  apparent  that  additional  information  would  be  required  to 
provide  reliable  damage  criteria. 

The  BRL  proceeded  tc  implement  a  statistical  test  in  which  the 
requirements  set  forth  by  OCAFP  could  be  met.  It  was  also  decided  to 
o<md>ine  the  Armour  test  with  the  statistical  tests  wherein  the  ASF 
would  instrtswnt  certain  items  of  equipment  to  be  \ised  in  the  statisti¬ 
cal  test.  At  a  later  date  a  mutual  agreement  was  reached  between  OBO, 
ARF,  and  BRL,  that  BRL  instnamnt  the  ordnance  equipment  in  order  to 
verify  the  prediction  method  evolved  under  Project  Attack  and  that  BRL 
also  retain  a  member  of  ARF  in  order  to  be  assured  that  the  objectives 
desired  by  ORD  be  attained. 

The  proposal  of  the  combined  tests  for  conduct  during  UPSHOT- 
KNOTHDLE  was  submitted  to  and  approved  by  the  Armed  Forces  Special 
Weapons  Project  (AFSUP),  resulting  in  the  authorisation  of  Project  3.21. 

1.3  SDRVEI 

The  survey,  in  brief,  represented  an  attempt  to  analyse  the  sig¬ 
nificant  Information  contained  in  reports  piddished  to  date. 

The  first  atomic  tests  in  which  equipment  was  exposed  to  study 
effects  of  equipment  to  nnoloar  blasts  was  daring  Operation  CROSSROABB.V 
The  data  obtained  tram  this  test  were  not  inclrded  in  the  survey  since 
most  of  Che  items  eiqKwed  were  secured  aboard  ships  tini/ot  shielded, 
which  led  to  information  not  suitable  for  valid  analysis  of  damage. 

IXiring  Operation  GREESBOISE  y  10  medima  tanks  (2  ea.  M-46  and  6 
ea.  N-26)  were  exposed  and  each  tank  was  instnaented  for  measuring 
blast  effects,  thermal  radiation,  and  fgumm  radiation.  The  conclusions 
reached  after  this  test  were  limited  because  of  lack  of  knowledge  of  the 
exterior  Uast  conditions  on  Shot  Easy. 

An  atteaqpft  was  made  to  predict  damage  to  items  eiqwsed  during 
Operation  BUSlEBi-JAMaUS.3/  Mat  of  the  predictions  for  this  operation 
were  made  in  a  sons  idiere  damage  was  sero. 

A  nudier  of  items  were  uqwsed  during  Operation  TOffilER-SH&PFER  y 
by  the  Marine  Oorps  and  Sixth  Anqr,  Camp  lESBlT  ROCK.  The  min  purpose 
of  these  tests  was  to  show  participating  troops  sudL^  blast  effects 
on  military  items,  althou^  the  tests  gave  farther  damage  information 
as  a  secondary  result. 

This,  in  general,  constituted  the  extent  to  idtidi  effeots  tests  on 
ordnance  equipmNit  were  condnoted.  Esoept  for  CBlEEraOBSE,  the  air  blast 
pressures  within  the  vicinity  of  items  tested  were  estimated,  based  on 
yield  and  hei|^t  of  burst  of  weapon. 
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CHAPTER  2 


RESOLUnOH  OF  HtOBLEM 


2.1  GEHERAL 

Prior  to  oonalderiBg  aagr  aethod  for  prediotiag  mielear  blast 
daaage  to  ord&aaoe  oquipnent  It  was  naoessaxy  that  a.  suitable  systea 
be  adapted  for  emluatisg  daasge.  In  aasijr  oases,  iteas  that  lose  their 
ooabat  effeetireoess  as  a  result  of  imelear  blasts  oan  be  restored  to 
ooabat  use  within  a  short  period  of  tias  and  also,  in  aaxigr  oases  iteas 
althoufl^  dsasdsd  asy  still  be  ooabat  usable.  The  iaportant  factors  for 
olassifioation  of  daaage  therefore  are:  (1)  the  extent  of  daaage 
affecting  the  ooabat  use  of  ailitary  iteas  and  (2)  the  tine  required  to 
restore  the  daaaged  iteas  to  ooabat  use. 

2.2  EVALIIATIOM  OF  DAMAGE 

The  syatea  adapted  for  daaage  evaluation  is  based  on  eobelons  of 
aaintenanoe  as  presently  used  by  the  Dapartaent  of  the  Any,  and  the 
tlaa  required  to  restore  the  daaaged  itaa  to  ooabat  use. 

The  Any  aaintenanoe  nystea  is  generally  as  fellows:  daaaged  or 
below  standard  iteas  are  inspected  by  qualified  personnel  and  they 
deteraine  lAat  repairs  are  needed  to  bring  those  iteu  up  to  the  stand¬ 
ard  oondition.  These  repairs  fall  into  a  category  of  aaintenanoe  as 
deteninsd  by  the  typa  and/or  extent  of  the  repairs  required.  The  iteas 
are  then  sent  to  the  unit  or  fhoility  of  the  serrioe  that  is  able  to 
aeoa^dlsh  these  repairs. 

The  present  kray  oystea  of  aaintenanoe  is  divided  into  the  levels 
given  in  the  following  sections. 

2.2.1  Organisational  Malntenanoe 

This  nozaally  inoorporates  1st  and  2nd  eohelons  of  aaintenanoe. 
The  1st  edwlon  of  aaintenanoe  is  porforaed  by  the  driver  or  orew  of 
the  itaa  and  Inoludes  changing  tires,  tlf^tenlng,  oleaning,  replenishing 
of  oil,  fuel,  and  water,  reaoving  rust,  etc.  The  2ad  echelon  of  aaiie 
tenanoe  is  perfomsd  by  the  trained  aeohanios  within  the  using  unit  and 
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coztslsts  of  ntitnr  repairs,  replacement  of  small  or  minor  sub-assemblies, 
painting,  etc. 

2.2.2  Field  Maintenance 


This  incorporates  3rd  and  4th  echelons  of  maintenance.  It  is 
perfoxned  hF  the  mobile  \siit  and  semi-mobile  Ordnance  Maintenance  Units 
and  Post  Ordnance  Shops.  The  3rd  echelon,  perfonied  bF  mobile  units, 
inol\ides  repair  work  of  major  items  for  return  to  the  vising  units  and 
reclamation  of  unserviceable  assei^lles,  sub-assemblies,  and  parts.  The 
4th  echelon,  perfonssd  hF  seml-etoblle  units,  includes  overflow  work 
from  the  3rd  echelon  units  and  the  repair  of  major  items  for  return  to 
Utility  Stocks.  It  also  inelvides  the  reclamation  and  reconditioning  of 
assembles,  sub-assemblies,  and  parts.  These  echelons  are  usually  a 
Job  Shop  operation. 

2.2.3  Depot  Maintenance 

This  is  Sth  echelon  maintenance.  It  is  perfonied  bF  semi- 
mobile  and  fixed  type  Ordnance  Maintenance  Ihits  and  by  Class  II  Ord¬ 
nance  Installations  on  equlpsMnt  for  Depot  Stocks.  It  includes  the 
rebuilding  of  major  items  and  the  reconditioning  of  assemblies,  sut>* 
assemblies,  and  parts.  It  is  usually  a  production  line  operation. 

2.2.4  Salvage 


In  addition,  another  classification  is  that  of  Salvage  which 
applies  to  the  damaged  items  which  oannot  be  economically  repaired  and 
to  iteaui  daisaged  beyond  repair. 

2.2.S  Time  for  Repair 

After  study  by  personnel  with  field  experience  in  maintenance, 
the  following  repair  time  limits  for  organisational  maintenance  were 
chosen: 

I^rpe  of  Equipment  Time  Idsilt  for  Organisational  Maintenance 

(Msn  Bouts) 

1/4  Ton  Truck  6 

2-1/2  Ton  Truck  6 

105  sm  Howltser  6 

Tanks  (Ma3,  K26,  M46)  12 

It  is  pointed  out  that  the  time  limit  indicated  includes  the 
time  to  restore  damaged  itesui  to  combat  use  only.  Thus,  for  esai^e, 
if  the  damage  to  a  1/4  ton  truck  was  such  that  the  vehicle  was  made 
coitet  ineffective  but  could  be  repaired  and  made  combat  effective  in 
6  man  hours  or  less,  then  it  was  said  that  only  organisational  main¬ 
tenance  would  be  required. 

The  following  eoonosdoal  repair  time  limits  applied  in  a  noml 
military  operation  were  taken  from  FM^IO,  Maintenance  and  General 
Supply  in  the  Field. 
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Type  of  Eqxilpnent  Field  Maintenance  Depot  Maintenance 


(Man  Hoiirs)  (Man  Hours) 

Medim  and  Heavy  Ai^iUery  16  48 

Wheeled  Vehicles  32  96 

Tanks  64  128 

Power  Train  Assemblies  16 

Engines  32 


The  nan  hours  Indloated  above  refer  to  a  ccoplete  rebuilding  of  the 
eqtilpment. 

It  was  desired  to  generalise  this  method  of  damage  evaluation 
to  degrees  of  damage  (light,  moderate  and  severe)  to  conform  with  the 
present  criteria  used  In  TM  23-200,  Capabilities  of  Atosiie  Weapons. 
Hence,  light  damage  will  constitute  that  damage  which  will  not  affect 
the  combat  use  of  the  itemsj  moderate,  that  damage  requiring  from 
organisational  vp  to  and  Including  field  maintenanoe  to  restore  the 
Item  to  combat  use;  and  severe,  that  deunage  requiring  depot  maintenanoe 
and  damage  classified  as  salvage. 

Tables  A.l  and  A. 2  shown  in  Appendix  A,  dellxieate  echelon  of 
maintenanoe  and  time  required  to  replace  or  restore  damaged  oomponents 
of  105  mm  howltaers  and  medim  tanka.  The  table  for  the  105  am 
howltaers  la  also  applioable  to  the  57  mm  guns.  The  time  estimates  In 
the  above  tables  are  based  on  the  personal  experience  of  several  offi¬ 
cers  and  ordnance  neohanlos  with  field  experience.  Standard  time 
estimates  to  replace  or  restore  damaged  ocmponents  for  wheeled  vehicles 
(2-1/2  ton  and  1/4  trucks)  are  presented  in  TB0R1>-173»  IMt 
^placement  euid  Repair  Time  Guide  for  Wheeled  Vehicles. 

2.3  STATISTICAL  ESTIMATION  OF  DAMAGE  j/ 

The  Initial  problem  was  to  select  appropriate  positions  or  dis¬ 
tances  from  ground  sero  where  various  types  of  ordnance  equiiment  were 
to  be  placed  for  Shots  9  (8  May)  and  10  (25  May).  It  was  desired  to 
place  Items  where  the  e:qpeeted  damage  would  vary  between  100  per  cent 
and  aero  per  cent  as  related  to  combat  effectiveness.  It  was  decided 
to  estimate  the  probability  of  damage  as  a  function  of  overpressure 
from  existing  but  rather  Inconclusive  data.  Discussions  with  Amy 
Field  Forces  indloated  that  the  most  desired  information  was  (1)  data 
that  would  allow  prediction  of  the  proportion  of  vehicles  which  would 
be  available  for  ooadjat  within  a  given  time  after  exposure  to  nuclear 
blasts,  and  (2)  infoxmatlon  in  terms  of  distances  ftrota  ground  sero 
^ioh  would  indloate  a  region  exioompassing  100  per  cent  to  sero  per  oent 
damage  as  related  to  oomhat  effectiveness  for  different  types  of  equip¬ 
ment.  It  was  also  desixable  to  know  the  proportion  of  military  items 
of  a  given  type  which  are  rendered  ineffective  for  immediate  combat  but 
can  be  restored  to  oosdmt  use  within  a  short  period  of  tisw  and  with  a 
pitiiim—  of  maintenance.  The  time  parameter  for  repair  was  chosen  to  be 
sero. 

As  a  result  of  past  tests,  specific  damage  for  a  given  blast  over- 
p  assure  was  recorded  and  estimates  were  simply  made  of  time  required 
to  restore  the  damaged  piece  of  ordnance  equipment  to  combat  use. 
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Thsie  tinsB  were  eitlaated  to  a  best  approxiaBtlon  bj  qisilifiad  persoz>^ 
nel  based  on  Infomation  of  dssstge  recorded  in  various  test  reports. 

E|]r  this  nethodf  a  quantitative  analysis  of  data  bas  been  nade,  based  on 
oyerpressure  and  the  estimated  tine  for  restoration  to  oosibat  effeotive- 
ness  in  aooordanoe  with  the  two  paraaeters  of  ornnisational  maintenanoe 
tijse  Unit  and  isediate  oonbat  ineffeotiveness  (sero  hours). 

Using  this  assoqption  that  the  probabiUty  of  danage  varies  nor> 
nally  with  the  value  of  overpressure  and  tabulating  whether  or  not 
organisational  naintenanee  is  required,  it  then  becosMS  possible  to 
estinate  the  nean  and  standard  deviation  of  the  assvDed  noxnal  curve 
(see  BRL  Technical  Note  No.  ISI,  On  Estlnating  BalUstio  Linit  and  Its 
Precision) . 

Curves  have  been  drawn  and  are  herein  included  which  indicate  for 
four  types  of  ordnance  equipnent  the  poroportion  of  items  which  would  be 
oonbat  ineffective  ianediately  after  eoqposure  and  the  proportion  of 
items  that  will  require  maintenanoe  beyond  organisational  oapabiUties 
to  restore  to  oonbat  use.  These  curves  show  plots  of  probabiUty  of 
damage  between  unity  and  sero  as  a  fmotion  of  the  overpressure.  Fig* 
ures  2.1  and  2.2  give  probabiUties  that  a  1/4  ton  truck  will  not  be 
oonbat  usable  within  6  hours  and  sero  hours  respectively,  as  a  function 
of  overpressure.  Figures  2.3  and  2.4  give  the  proportions  of  2-1/2  ton 
trucks  which  will  not  be  oonbat  usable  within  6  hours  and  sero  hours 
respectively.  Figures  2.5  and  2.6  give  the  proportions  of  the  105  ns 
howitsers  which  will  not  be  oonbat  usable  within  6  hours  and  sero  hours 
respectively.  Finally,  Figs.  2.7  and  2.8  present  the  chance  that  the 
tanks  of  the  type  HU3,  M-^,  and  N-46  (considered  collectively)  will 
not  be  coadiat  usable  within  12  hours  and  sero  hours  respectively. 

These  curves  are  not  very  well  estabUshed  beoause  of  the  paucity  of 
data  and,  therefore,  the  curves  wore  used  as  guides  only.  The  estimated 
standard  deviations  for  the  paxaneters  (mean  and  standard  deviation)  of 
the  normal  distribution  fitted  are  given  in  Table  2.1. 


tabu;  2.1  -  Faranaters  of  the  Nbmal  Distribution  for  Probability 
of  Organisational  Maintenanoe  (6  Hours  and  Zero  Hours) 
as  a  Funotioa  of  Overpressure 


Item 

Time 

Mean 

Std.  Dev. 

1/4  Ten  Truck 

6 

2.1 

23.1 

7.6 

1/4  Ten  T^ruok 

0 

2.2 

12.0 

2.0 

2-1/2  Ton  Truck 

6 

2.3 

14.9 

4.8 

2-1/2  Ton  Trusk 

0 

2.4 

13.4 

6.4 

6 

2.5 

47.1 

2.1 

0 

2.6 

24.6 

11.3 

MmUw  Tank 

12 

2.7 

33.5 

pdim  Tank 

0 

2.8 

20.5 

The  equation  to  fit  the  curves  of  Fig.  2.1  throui^  Fig.  2.8  la: 
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(2.1) 
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Fig.  2.2  Probability  of  Damage  vs  Overpressure 
(l/U  Ton  Truck)  (0  Hours) 
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Fig.  2.U  Probability  of  Damage  vs.  Overpressure 
(2-1/2  Ton  Truck)  (0  Hours) 
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Fig.  2.6  Probability  of  Damage  vs.  Overpressure 
(105  ran  Howitzers)  (0  Hours) 
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Fig.  2.8  Probability  of  Damage  vs  Overpressure 
(Medium  Tanks}  (O  Hours) 


where: 


and: 


P  =  Probability 
t  -  overpressare  -  li, 

/I  =  mean  value 

<r  =  standard  deviation 


A  oompletely  satisfiaotory  solution  shoving  exactly  where  to  place 
various  types  of  ordnance  equipsient  so  that  the  probability  of  damage 
curve  may  be  estimated  with  best  accuracy  has  not  been  obtained  because 
of  the  theoretical  difficulties  involved.  It  is  clear,  however,  that 
the  majority  of  the  pieces  of  equipment  should  be  i)laeed  within  a  sene 
so  that  there  results  a  mixture  of  oases  where  damage  occurs  on  s<aw 
pieces  and  does  not  occur  on  other  units.  Also,  a  definite  loss  in 
precision  results,  if  half  of  the  vehioles  are  placed  so  close  to  ground 
aero  that  these  are  all  damaged  and  the  other  half  are  placed  so  far 
away  that  no  damage  results.  Therefore,  it  appeared  desirable  for  the 
method  of  analysis  employed  to  place  pieoes  of  equipment  within  a  sons 
where  the  probability  of  damage  varies  firms  about  0.05  to  0.95  for 
items  requiring  aiaintenanee  beyond  organisational  to  restore  to  oombat 
use.  ^  this  manner  a  mixture  of  results  will  ooour,  i.e.,  the  repair 
time  parameter  irill  be  varied.  For  a  given  available  nuaber  of  pieoes 
of  equipment,  the  problem  of  best  distribution  within  suoh  a  sons  in 
order  to  obtain  the  most  precise  damage  evonre  remains  to  be  investi¬ 
gated.  It  was  decided  that  the  pieoes  of  equipment  would  be  plaoed  at 
approximately  equal  intervals  of  poressure  over  the  0.05  to  0.95  proba¬ 
bility  sons. 

2.4  BALLISTIC  RESEARCH  LABORATORIES  PREPICTIDH  METHOD  FOR  DIMIGE 

This  partloular  method  of  predioting  damage  ^  was  ampirioally 
obtained  based  on  results  of  previous  tests.  Tte  following  equation  is 
extracted  fTom  Referenoe  6  to  present  briefly  this  prediction  method. 

/^=  [(P,/a)  Cd  J  -  0.7]  kj  k2  ^2.2) 

where: 

A  =  n^Jeoted  area  of  items  normal  to  the  direction  of  propagation. 

=  irag  ooeffioient,  asswed  to  vary  firam  0.5  for  a  ^Undrioal 
shape  to  1.2  for  a  flat  plate. 

e  :  Ehqwnential  function,  2.72. 

ki  =  Length  of  item  along  line  of  shook  wave  propagation  noxmal- 
Ised  to  some  arbitrary  unit  of  length.  The  width  of  the  M-26 
tank  (11.5  ft)  is  the  normalising  faotor  used. 


31 

SECRET- RESTRICTED  DATA 


k2  =  A  dimensionless  number  eharsoterlstle  of  a  particular  item. 
Ibis  number  is  shown  as  a  function  of  log  W  in  Fig.  2.9. 

W  r  Net  weight  in  pounds  of  the  eaqwsed  item. 

Ps  =  Overpressure  in  psi. 

:  A  factor  related  to  cosbat  effectiveness  as  shown  in 
Fig*  2.10. 

The  pressures  Pg  to  be  correlated  with  damage  in  the  regular 
reflection  region  are  the  pressures  of  the  incident  wave,  and  as  the 
critical  angle  for  Mach  formation  is  approached  the  measured  reflected 
overpressures  are  used.  Within  the  region  of  Mach  formation  the  Mach 
overpressures  are  to  be  correlated  with  damage. 

For  all  vehicles  and  large  guns  (equal  to  or  larger  than  105  am 
howitsera)  the  length  used  in  ooiquuting  ki  is  essentially  the  tread  of 
the  item  (side  exposed).  For  all  30  oallter  machine  guns  and  smaller 
Itesu,  the  oharacterlstio  length  for  guns  (not  mounted  on  motor 
carriers)  between  30  oaliber  machine  guns  and  105  an  howitsers  is  sons- 
where  between  the  barrel  diameter  and  the  tread  of  the  weapon.  In  gen¬ 
eral,  if  the  carrl^  of  the  weapon  is  lar^  in  weight  or  area  ooaiipu«d 
to  the  gun  itself  the  value  oorresponds  to  a  length  of  approxiaately 
two-thirds  of  the  tread  of  the  oarria^.  If  the  reverse  is  true,  Iq. 
oorresponds  aMre  nearly  to  the  barrel  diameter  of  the  gun. 

Because  of  the  limited  time  available  prior  to  the  test,  the  cosa- 
putatlons  made  for  predicting  damage  were  attempted  for  the  1/4  ton 
tmeks  only.  However,  for  oomqfdeteness  of  this  report  the  computations 
for  predicting  damage  to  all  of  the  itsaui  aoqwsed  were  made  after  the 
test  and  are  inoluded  in  Table  2.2. 

Table  2.2  inlloates  the  extent  of  damage  as  a  function  of  over¬ 
pressure  for  the  items  e:q)oa^  in  Shots  9  and  10.  Using  the  information 
oontained  in  the  ERL  repor^,^  the  lethal  radius  of  effect  has  been 
oo^puted.  The  values  of  pressure  used  for  oooputing  the  lethal  radius 
were  taken  trcm  Fig.  7  of  TM  23-200  corrected  to  test  altitude. 


TABI£  2.2  -  Predicted  Effects  Using  BRL  Prediction  Msthod 


Shot 

Item 

Orientation 

%  C.E.a 

— 

Overpressun 

(pal) 

»  Lethal 
Radius  (ft) 

9 

1/4  truck 

Slde-on 

60 

8.8 

2970 

9 

1/4  ton  truck 

Fhoe-on 

60 

8.2 

3230 

9 

2-1/2  ton  truck 

Side-on 

60 

8.12 

3220 

9 

2-1/2  ton  truck 

Face-on 

60 

10.16 

2480 

1/4  ton  truck 

Side-on 

10 

21.5 

1420 

2-1/2  ton  truck 

Side-on 

10 

18.9 

1670 

Medlua  Tank  (K4A3)  Side-on 

10 

52.1 

880 

57  SB  AT  Gun 

Side-on 

10 

67.8 

810 

*  C.E.  denotes  combat  effectiveness 
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2.10  Factor  as  a  Function  of  Per 
Cent  CoBbat  Effectiveness 
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2.5  THE  AIQCUR  RESEARCH  FOmiATION  PREDICTION  METHOD 


2.5.1  General 

The  approach  of  the  Amour  Research  Foundation  to  the  damage 
prediotion  problem  vaa  to  devise  a  method  for  predicting  the  loading 
and  response  of  bodies  exposed  to  nuclear  blasts,  assuming  that  there 
exists  a  oorrelation  between  the  motion  of  a  rigid  body  and  the  damage 
ooeurring  to  the  body.  If  the  proper  oorrelation  were  established  then 
the  method  would  provide  the  means  for  predicting  damage. 

The  development  of  the  method  for  predicting  the  loading  and 
response  on  movable  targets  is  contained  in  the  ARF  reports  7,  8,  9, 

10,  and  11  for  Project  Attack.  The  problem  was  similar  to  that  of 
estimating  loading  on  stationary  buildings,  except  in  addition  the 
effects  of  translations  and  rotations  on  the  loading  and  the  various 
types  of  motion  response  were  considered.  The  damage  resulting  from 
the  motion  can  be  eiqpeeted  to  vary  with  the  type  of  motion  resulting 
(translation,  rotation,  or  a  combination  thereof).  The  method  was 
developed  from  a  limited  amount  of  data  and  disorepaneies  oan  result 
from  many  causes.  Therefore,  experimental  confirmation  was  necessary 
to  establlah  its  usefulness. 

To  provide  this  es^perimental  confirmation  it  was  necessary  to 
verify  the  predictions  of  loading  and  response  for  rigid  bodies  and 
then  to  establlah  the  relations  between  the  motion  parameters  and  the 
damage  to  the  body.  The  usefulness  of  the  method  will  be  determined 
by  the  degree  of  oorrelation  between  a  predletable  parameter  and  the 
actual  damage  inflicted.  The  necessary  information  for  damage  iiw 
flieted  on  partleular  UrgetB  was  obtained  In  fulfilling  the  other 
objeotives  of  the  projeot.  Therefore  the  field  work  of  the  ARF  phase 
of  the  project  resolved  into  obtaixdng  nsoessary  loading  and  response 
data. 

It  MS  desirable  to  verify  the  predicted  pressure  loadings  on 
the  test  targets  in  addition  to  investigating  their  motion.  However, 
to  obtain  a  true  picture  of  the  pressure  loading  on  an  odd*^haped  tai^ 
get  such  as  the  truck  would  have  required  more  Instnawntation  channels 
than  were  available  for  this  projeot.  Therefore,  it  was  decided  to 
restrict  the  instnawntation  to  measuring  the  response  instead  of  load¬ 
ing.  It  was  expected  that  the  loading  data  obtained  by  other  projects 
will  provide  further  Insight  into  the  loading  parooess  for  the  vehicles. 

The  response  variables  selected  for  measurement  were  the  dis¬ 
placement,  the  angular  velocity  about  an  axis  parallel  to  the  expected 
turning  axis,  and  the  horisontal  and  vertical  oosqwnents  of  acceleration. 
Motion  photography  was  used  in  an  atteiq)t  to  record  displacement  versus 
time. 

The  ARF  method  was  developed  specifically  for  a  shook  wave  with 
a  plane  wave  front.  On  Shot  9  a  major  portion  of  the  vehicles  were 
plMed  in  the  regular  reflection  region,  aid  some  prediotion  of  the 
effects  to  be  expected  was  desired.  It  was  reasonable  to  expect  ttmt 
the  effects  in  the  regular  region  for  a  given  pressure  would  be  less 
than  the  effects  caused  by  *  Mach  wave  of  the  same  pressure  and  dura¬ 
tion  because  of  the  reduction  in  the  horisontal  component  of  wind 
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velocity  in  the  regular  reflection  region.  ■  Therefore  1 .  obtain  an 
approximate  iQ)per  bound  on  the  effects  to  be  expected,  the  calculations 
were  made  assuming  the  targets  were  struck  by  a  Mach  wave  of  the  same 
pressure  and  duration  as  the  expected  reflected  wave.  To  obtain  an 
Idea  of  the  reduction  In  effects  possible  a  very  simple  modification 
was  perfonied.  The  diffraction  loading  characteristics  were  assoaed 
to  be  the  same,  but  the  expression  for  the  drag  pressure  In  the  equa-> 
tlons  of  motion  was  reduced  In  the  same  proportion  that  the  horliontal 
wind  velocity  would  be  reduced  for  acoustic  reflection.  The  gage 
ranges  were  selected  so  that  Insofar  as  possible  a  satisfactory  reading 
would  be  obtained  for  the  effects  calculated  for  both  oases. 

Predictions  of  and  response  were  made  for  the  vehicular 

targets  at  the  five  test  stations  stiltable  for  Instranentatlon  on  Shot 
9.  Values  were  obtained  for  the  total  displacements,  accelerations, 
and  angular  velocities,  and  these  values  were  considered  In  the  seleo> 
tlon  of  gage  ranges.  No  calculations  were  made  for  Shot  10  prior  to  the 
test.  Because  of  the  expected  slightly  shorter  pressure  phase  durations 
the  values  of  the  response  parcuneters  were  e3q>eoted  to  be  approximately 
the  same  or  sU^tly  less  than  those  derived  for  Shot  9  at  oorrespondlng 
Mach  pressure  levels. 

Necessary  Information  for  the  performance  of  the  calculations 
was  knowledge  of  the  shape  of  the  pressure-time  decay  curve,  ^  dura¬ 
tion  of  the  positive  phase,  the  shook  front  velocity,  the  veloolly  of 
the  rarefaction  wave  In  the  reflected  region,  and  the  peak  reflected 
pressure  developed  by  the  shook  striking  a  perpendicular  wall.  The 
pressures  expected  at  the  stations  of  Interest  and  the  durations  were 
obtained  from  scaled  data  of  TUMBLER  1.  The  e^qpcresslons  used  for  the 
calculations  of  the  other  data  were  obtained  from  a  QREENBDTBE  report.^ 

The  targets  for  which  the  calculations  were  mads  were  the  1/4 
ton  truck  KlUAl  and  the  2-1/2  ton  truck  )^135*  When  the  calculations 
were  well  under  way  the  2-1/2  ton  truck  M-35  was  substituted  because  the 
M-135  became  unavailable.  There  was  not  sufficient  time  prior  to  the 
test  for  reoaloulation.  However,  because  of  the  basic  similarity  of  the 
vehicles  the  loading  and  response  cheraoteristlcs  of  the  M-135  were 
assiSMd  to  apply  to  the  H-35  as  well. 

Characteristic  data  on  the  guns  were  not  received  in  time  for 
application  of  the  Armour  method  to  these  weapons.  The  applioation  of 
the  method  to  the  gun  and  to  the  M-35  is  in  progress,  and  the  results 
will  be  placed  in  srqpplementary  reports. 

2.5.2  Loading 

The  ARF  method  for  calculation  of  loading  on  an  odd-shaped  tar^ 
get  such  as  a  vehicle  Is  an  adaption  of  the  loading  scheme  for  a 
rectangular  parallelepiped,  or  cuboid.  The  target  Is  divided  into  a 
mBd)er  of  appropriate  cuboids  which  are  estimated  to  receive  as  a  whole 
loading  equivalent  to  that  received  by  the  actual  vehicle.  The  loading 
on  each  cuboid  is  determined  ITom  its  assigned  dimensions  and  the  ohar- 
acteristios  of  the  shook  wave  striking  it.  The  values  for  each  ohboid 
are  appropriately  sanud  to  obtain  total  loading. 
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The  loading  on  a  single  cuboid  on  the  ground  plane  Is  presented 
in  the  Aznour  reports (9)and(10)as  follows:  A  rigid  cuboid  fixed  to  the 
ground  is  assuoed  to  be  struck  by  a  plane  shock  wave  noTlng  with  the 
plaxM  of  the  wave  front  parallel  to  the  face  of  the  cuboid.  The  tine 
the  wave  strikes  the  front  face  is  designated  as  zero  tine. 

On  the  front  face  the  pressure  rises  Instantly  to  the  value  of 
peak  reflected  pressure.  This  pressure  decreases  to  overpresstire  plus 
tv»-thirds  the  drag  pressure  in  a  tine  equal  to  three  tines  the  tine 
necessary  for  a  sound  signal  in  the  reflected  region  to  travel  the 
ninimai  of  height  or  one-half  the  width  of  the  front  face  of  the  cuboid, 
whichever  dinension  is  snallest.  This  pressure  decreases  as  the  shock 
front  passes  the  front  face  and  reaches  zero  at  a  tine  equal  to  the 
duration  of  the  shook  wave.  The  upper  curve  in  Fig. 2*11  represents 
this  pressure. 

The  z«ar  of  the  cuboid  renains  at  ataospheric  pressure  until 
the  shock  front  travels  the  length  of  the  cuboid.  As  the  shock  front 
passes  the  rear  face,  the  pressure  begins  to  rise  on  the  rear  from 
atnospherio  to  overpxessure  ninus  one-third  the  drag  pressure  in  the 
tins  required  for  the  sound  signal  to  travel  a  distance  eight  tines  the 
nlnlnas  of  hei^t  or  one-half  the  width  of  the  rear  face.  This  pressure 
decreases  and  reaches  ataospheric  pressure  at  a  tine  equal  to  the  dura¬ 
tion  of  the  shook  wave.  The  lower  curve  in  Fig.  2.11  represents  this 
pressure. 

^isufflelent  infozaation  is  available  to  describe  the  loading 
on  the  top  surface  accurately,  and  the  forces  are  assuaed  to  nake  oxdy 
a  negligible  contribution  to  the  notion  of  the  cuboid. 

The  resultant  foroe/in^  acting  on  the  cuboid  then  is  the  pres- 
s\m  on  the  front  face  sinus  the  pressure  on  the  rear  face.  The  Inpulse/ 
in^  is  the  area  under  the  curve  of  pressure  on  the  front  face  ninus  the 
area  under  the  curve  of  pressure  on  the  rear  face.  The  period  fTca 
t  -  0  to  the  tine  tp  is  called  the  shock  loading  period.  At  the  tine 
tp  the  pseudo-steady  state  is  reached  and  forces  acting  are  drag  forces 
ohly.  The  resultant  area  under  the  curves  vp  to  the  tine  tp  at  which 
pseudo-steady  state  is  reached  represents  the  shock  loading  inpulse/in?. 
The  resultMt  area  from  the  tine  tp  to  the  tine  to  represents  the 
hqnilse/ln*  due  to  drag  pressure.  Refer  to  Fig.  2.11. 

For  the  oalculation  of  inpulse  the  area  under  the  curve  is 
divided  into  several  parts.  These  are  indicated  in  Fig.  2.16.  From 


the  figure  it  is  appai^nt  that: 

^1  “  ^  Total  Inpulse/ln^  (2.3c) 

^1  ~  ^  ^  -  ^t>ook  Iioadlng  Ihpulse/in^  (2.3b) 

A^  •  ImpalBm  due  to  Crag  Fressure/in^  (2.3o) 

T(Ai  -  A2'*-  A^)  -  Angular  Shook  Loading  I^pulse/in^  (2.3d) 

The  areas  can  be  expressed  as  follows: 


36 

SECRET- RESTRICTED  DATA 


Al  8  1/2  (Pr+  Pg)  tg 

(2.4a) 

Ag  S  1/2  Pp  (tg  -  tg) 

(2.4b) 

A3  S 

(2.4o) 

*4  =  °D  dt 

(2.4d) 

Pg  s  Pa  (tB)  ♦  2/3  Pd  (tg) 

(2.5a) 

Pg  s  Pa  (tg)  -  1/3  Pd  (tg) 

(2.5b) 

Pe  s  Pa  (tg)  ♦  2/3  Pd  (tg) 

(2.5o) 

tg  z  3h/Cr 

(2.6a) 

tc  8  I/D 

(2.6b) 

tg  8  tg  +  81/D 

(2.60) 

aiadi 

^Ot  ^  s  Pretvures  at  the  tiaea  ladloated  hj  the  eubseript 
Fs  m  Orerporeature  in  Ib/in? 

Pr  s  Reflected  preaaure  in  Ib/in^ 

Pd  :  Drag  preaaure  in  Ib/in^ 
n  s  Velooitx  of  the  abook  flront 
Cq  :  Coefficient  of  drag 
to  z  Duration  of  poaitive  pbaae 

I  :  Oiatanoe  fTcai  ground  plane  to  center  of  front  face  of  cuboid 
Cr  8  Velooltj  of  the  rarefaction  ware 

h  8  Minlaiai  of  hei^t  or  1/2  width  of  the  cuboid,  whioheTor  ia 

■aller 

L  z  Langth  of  the  cuboid  along  ahook  path 

Thua  the  total  l^pulae,  the  ahook  loading  inpulae,  and  the  drag 
inpulae  can  be  calculated  for  a  cuboid. 
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Pr 


Ps 


Ps>  Overpressure  -  Ib/in 

Pr*  Reflected  Pressure  -  Ib/in 
Velocity  of  Shock  Front 
Pd»  Drag  Pressure  -  Ib/in^ 
h  =  Minimum  of  Height  or  1/2 
Width  of  Cuboid 

Length  of  Cuboid 
Cr*  Velocity  of  Rorefoction  Wove 
m  =  2/3  Drog  Pressure 
n  =  1/3  Drag  Pressure 


Fig.  2.11  Pressure  Loading  vs  Time  on  a  Cuboid 


Fig.  2.12  Areas  for  Impulse  Calculation  for  a  Oiboid 
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The  loading  on  a  target  of  Irregular  ^hape  (aueh  as  a  vehlole) 
la  approxioated  by  oonatruotliig  a  oubold  representation  of  the  target 
80  that  the  expected  loading  on  the  target  and  on  the  oubold  represen¬ 
tation  Is  equivalent.  For  a  given  target  the  oholoe  of  oubold  repre¬ 
sentation  will  vary  depending  upon  the  person  applying  the  method 
beoaxise  of  varying  estimations  of  the  oubold  dimensions  to  duplicate 
the  aot\ial  component  loading  oheraoterlstios.  The  equivalent  cuboid 
is  clear  in  the  case  of  such  parts  as  the  tail  g!.te  or  the  gas  tank  of 
a  truck.  But  in  the  case  of  the  under  body  and  chassis  parts  the  esti¬ 
mation  of  a  suitable  equivalent  cuboid  is  difficult.  The  accuracy  of 
the  method  does  ziot  justify  oottsidering  every  part  of  the  vehicle  in¬ 
dividually. 

When  the  cuboid  representation  of  the  target  is  constructed  then 
the  loading  scheme  as  described  for  a  single  oubold  is  applied  separately 
to  each  component  ouboidf  where  the  clearing  times  for  the  fjront  face, 
the  loading  times  on  the  rear  face,  and  the  drag  coefficients  are  ad¬ 
justed  according  to  the  location  and  ohaxaoterlstios  of  each  oooqponent 
cuboid. 

The  total  impulse  imparted  to  the  target  during  the  period  of  the 
diffraction  of  the  shook  around  the  target  is  termed  the  total  shook 
loading  impulse,  and  it  is  assisnd  to  be  the  sum  total  of  the  shook 
isqiulse  for  this  period  for  each  cuboid.  The  total  drag  i]^nllsa  for  the 
target  is  the  impulse  received  from  the  end  of  the  shock  loading  period 
to  the  end  of  the  positive  duration  of  the  blast  wave.  The  total  iji- 
pulse  is  assusad  to  be  the  sun  of  the  drag  ijqmlse  of  the  ooaq;)onant 
cuboids.  The  time  t«  at  which  the  shook  loading  is  over  and  drag  load¬ 
ing  begins  is  fixed  by  taking  the  uiarlanmi  time  of  shook  loading  of  the 
component  ouhoids* 

The  angular  impulse  imparted  to  a  component  cuboid  about  an  axis 
in  the  ground  plane  is  found  by  multiplying  the  linear  impulse  for  the 
cuboid  by  the  dlstanoe  from  the  center  of  pressure  for  the  area  of  the 
front  face  to  the  ground  plane.  The  angular  impulse  imparted  to  the 
target  then  is  assiaMd  to  be  the  sum  of  the  angular  i^;nilse  for  the 
varloiis  oosqponent  cuboids. 

As  indicated  in  the  ARF  reports  there  are  several  sources  of  pos¬ 
sible  errors  in  the  ARF  prediction  method.  For  the  vehicular  target, 
which  is  supported  above  the  ground,  the  force  acting  on  the  underslds 
of  the  vehicle  is  assumed  to  be  equal  and  opposite  to  the  force  on  the 
top  at  all  times,  for  lack  of  data  indicating  the  true  situation.  For 
the  same  reason  the  method  does  not  take  into  account  vortex  and  tur¬ 
bulence  phenomena.  The  estimation  of  the  drag  coefficients  may  intro¬ 
duce  major  discrepancies.  The  effect  of  the  motion  of  the  targets  on 
their  loading  was  investigated  in  the  ARF  repoirts  and  the  conclusion 
was  reached  that  if  the  target  moved  at  velocities  less  than  100  ft/sec 
the  effect  on  loading  forces  could  be  neglected  at  the  present  stage  of 
development  of  the  method.  An  additional  factor  that  will  produce  dis¬ 
crepancies  is  the  non-rigidity  of  the  vehicular  target.  The  method  is 
designed  for  rigid  bodies  and  the  effects  on  a  vehicle  may  be  different 
due  to  elastic  and  inelastic  deformation. 
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2.5.3  Reaponae 


The  reaponae  of  the  target  to  the  loading  foroea  is  cale\ilated 
under  aimpUfylng  aaatmptlonat  namely,  that  the  target  reaponda  aa  a 
rigid  body,  that  no  motion  oooura  during  envelopnent  hy  the  ahook  wave, 
and  that  the  reaponae  ia  in  the  form  of  eliding  or  rotation  hut  not  a 
oonbinatlon  of  the  two  mot  Iona. 

If  the  target  ia  aaaumed  to  move  a  negligible  dlatanoe  during 
the  ahook  loading  period  (juatified  by  the  short  time  length  of  the 
period  and  the  large  masa  of  the  target)  then  the  loading  occurring 
daring  this  period  can  be  considered  impulsively  applied,  and  the  re¬ 
sulting  change  of  momentum  computed  trcm  the  equation: 


BV]^  -  bvq  s  ^  s  Impulse  (2.7) 

Here  m  is  the  mass  of  the  target,  v^  is  its  velocity  at  aero  time, 
v^  is  the  velocity  at  the  end  of  the  ahook  loading  period,  F  is  the 
force  applied,  and  t«  la  the  time  length  of  the  shock  loading  period. 
Since  the  velocity  of  the  target  is  initially  aero,  then  the  result  of 
the  shook  loading  impulse  is  the  imparting  of  the  velocity  vx  to  the 
target. 

After  the  end  of  the  shook  loading  period  only  drag  forces  are 
considered  to  be  acting  and  the  resulting  motion  is  e:qpressed  in  an 
equation  Involving  these  tiiM-dependent  drag  forces.  The  value  of 
velocity  produced  by  the  shook  loading  impulse  is  applied  as  an  initial 
condition  on  this  equation*  If  the  variable  involved  in  the  equation 
of  motion  is  linear  displacement  then  the  velocity  resulting  trm  the 
linear  shock  loading  liqnilse  can  be  computed  trcm  equation  2.7  by  sub¬ 
stituting  the  appropriate  values  of  impulse  and  mass  and  solving  for 
the  velocity. 

If  the  variable  under  consideration  is  the  angle  d!»)otlng  the 
rotation  of  the  center  of  gravity  about  a  selected  axis,  then  the  ini¬ 
tial  angular  velocity  at  the  beginning  of  the  drag  loading  period  is 
obtained  trcm  equation  2.7  by  substituting  values  for  the  angular 
shook  loading  impulse,  and  for  moment  of  Inertia  rather  than  the  mass, 
and  solving  for  the  angular  velocity. 

Die  equation  of  motion  describing  translation  over  the  surface 
ground  plane  is  derived  as  follows:  A  cuboid  stqpported  above  the 
ground  plane  is  asswed  to  slide  over  the  ground  plane  with  no  rotation 
occurring  as  shown  in  Fig.  2.13. 


9lt)  ^ 

eg. 

^  Fit) 

Ground  Rons 

wj 

Fig.  2.13  Forces  Acting  on  a  Sliding  Cuboid 
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Here  G(t)  Is  considered  the  positive  force  due  to  drag  pressure,  and 
F(t}  is  the  opposing  fjrictional  force.  The  moments  are  asstaned  to  be 
such  that  no  rotation  occurs.  Then  the  force  G(t)  Is  opposed  bgr  an 
eqxial  force  F(t)  until  G(t)  exceeds  the  maxlnam  value  of  F(t).  Then 
sliding  occurs,  and  the  equation  of  motion  is: 

(W/g)  dV<it2  .  G(t)  -  F(t) 


Now  G(t)  ■  Pd(t)  As,  where  Pd(t)  is  the  drag  pressure  as  a  function  of 
time,  and  Ag  is  the  drag  area  presented  b7  the  target  to  the  djmsBiio 
pressure,  F(t)  a  p(t)  U,  where  p(t)  is  the  coefficient  of  friction 
and  W  s  weight  of  the  target.  Then  su^titutlng: 


d2x/dt2  s  (g/W)  Pd(t)  Ag  -  (g/V)Wii(t) 

s  g[Pd(t)  (Ag/W)  (2.8) 


The  integration  limits  are  taken  from  an  initial  time  t»  to  t, 
and  the  coefficient  of  friction  p  is  assused  to  be  a  constant.  The 
result  is:  t 


dx/dt  s  (gAg/W) 


J 


Pd(t)  dt  -  pg(t>t«) 


/>t* 


-  (g  Ag/W)  / Pd(t)dt  +  (d:^dt)ii  (2.9) 


Here  t«  is  taken  as  the  end  of  the  shook  loading  period.  Then  (dV<it)» 
is  the  velocity  derived  from  equation  2.7. 

The  value  for  the  displaoenent  was  obtained  integrating 
esqpresslon  2.9  and  the  result  is  as  follows: 

t*  t  t*  t 


X  =  (g  Ag/W) 


Pa(t)at j  dt  -  (g  Ag/W 


J  Pd(t)dtj 


dt 


0  o 


o  o 


-(t*  -  t») 


o 


(t)dt  -  (dk/dt)J 

(2.10) 


The  second  tens  was  found  to  be  xmgllgible  for  the  vehicular  targets. 
For  the  total  displacement  the  time  t'  Is  the  tine  at  which  the 
velocity  reaches  sere  and  Is  derived  frem  equation  2.9t 
t*  t* 


Pd(t)dt  -  pg(W/g  A.)  (t*  -  te)  + 1  Pd(t)dt  -  (W/g  Ag)  (dx/«t)» 

J  (2.U) 
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The  intereeotlon  of  the  straight  line  given  hy  the  ri£^t-hand  expres¬ 
sion  with  the  integral  ourve  on  the  left  yields  t*  for  the  total  dis- 
plaoenent  oalonlation. 

No  additional  oonstant  appears  after  integrating  the  velocity 
since  at  t  ■  t«  the  displaoenent  is  assumed  to  be  zero.  The  double 
integral  term  oan  be  obtained  by  use  of  Siiiq>son's  Rule.  Equations 
2.8,  2.9,  a.l  2.10  then  describe  the  ease  of  pure  translational  motion. 

It  is  useful  to  examine  the  eondltlons  necessary  for  no  rotation 
to  ooeur.  Consider  the  turning  mosients  aotlng  on  the  oubold  in  Fig. 

2.13.  The  overturning  couple  is  determined  b7  the  magnitude  of  the 
fk’iotlonal  force.  Equating  moments: 

I  d2a/dt2  «  F(t)  Id  -  W1  oobBq 

At  t  s  t«  :  I.  (the  distance  from  the  ground  plane  to  the  point  of 
application  of  the  drag  forob  on  the  side  of  the  tarmt).  F(t)  s  uV 
idiere  p  is  the  ooefflolent  of  fjrietlon.  G(t)  s  Pd(t}Ag  where  Pd(t)  is 
the  drag  pressure.  Then  for  no  turning  to  ooeur: 

p(t)  U  Is  <  W1  eosdo  (2.12) 

For  no  sliding: 

G(t)  i  F(t) 

Pd(t)As  <  p(t)  W  (2.13) 

Now  the  ease  for  rotation  only  is  considered.  If  rotation  of 
the  target  ooeurs  then  it  is  assosed  to  take  place  about  a  horlsontal 
axis  tfarou^  the  bottom  rear  edge  of  the  ouboid  target.  The  resulting 
eqtmtion  of  motion  is  of  the  form: 

I  (d2  9/dt2)  .  M(t) 

where  H(t)  is  the  turning  moment  versus  tlM;  I  is  the  moment  of  inertia. 
The  derivation  of  the  form  of  the  equation  for  vehleular  targets  as  pre¬ 
sented  in  the  ARF  reports  is  now  given.  ]h  this  derivation  the  vehioiK 
lar  target  is  oonsidered  as  a  oubold  structure  supported  on  structures 
of  relatively  nail  area  and  hei^^t.  As  the  vehicle  rotates  the  angles 
of  its  side  and  bottom  planes  change  and  the  total  are  presented  to 
drag  ofaanges.  The  assumption  is  made  that  the  force  acting  on  a  body 
plan  is  directly  proportional  to  the  area  projected  into  the  plane  of 
the  ahook  front. 

FMm  Fig.  2.14,  the  force  Fy^  acting  on  the  bottom  plane  is: 

Fi,  s  Pd(t)  sin  ( 9-  9o) 

when  Pd(t)  is  the  drag  force  per  in2  for  a  drag  ooefflolent  of  unity, 

A|,  is  the  drag  area  of  the  bottom  in  in2  and  (9-  0o)  is  the  angle 
throui^  which  the  target  has  rotated. 
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Hie  force  Fg  acting  on  the  side  la:, 

Fg  s  Fd(t)  Ag  008  (d-  do) 

vfaere  z  the  drag  area  of  the  aide  of  the  target  in  In^.  Froa  the 
figure: 

d^  s  r'  ain  9 ' 

6-  Bo  -  d*  -d" 

9*  =  d  -  do  +  d" 

d^j  s  r'  ain  (d-  do  +d") 

dg  s  V  ain  ( d  -  d  o)  Ig  eoa  (d-  do) 

where  v  la  the  width  of  the  target.  In  addition,  let  di  ■  r  ooad  . 

Now  to  the  Baaenta  about  the  horisontal  azia  oo  taken  throu^ 

the  bottoai  rear  edge  of  the  atruotnre: 

T  ooad  W  :  Weight 

Fs  ^0  *  I^(t)  A0  w  ain  (d>do)  ooa  (9  •  Bo) 

■^Pd(t)  A.  T,  0082  (d- do) 

db  ■  Pd(t)  Ab  r'  ain  (d  -  do)  ain  (d-  doed*) 

The  reaultlng  overturning  aoBent  M(t)  beooBoa: 

M(t)  s  **  V  rooad’*’  Pd(t)  [  ain  (d  •  do)  ooa  (d  -  do) 

<i-A,T,  0082  (d.do)v  r'  Ab  ain  (d-do)  ain  (d-do*d"]j 

How: 

ain  (d-do  -f  d  ")  B  ain  (d  -  do)  ooa  d*  *  ooa  (d-  do)  aln^* 

Then  M(t)  m  “  Vr  ooa  d  -fPd(t)  [wdf  ain  (d  -do)  ooa  (d  -do) 

♦  AgJg  ooa2  (d  -  do)  ♦  r'  Ab  ooad"  aln2  (d-do)  + 

<*-  r'  Ab  8lnd"8in  (d-do)  ooa  (d-do)] 

The  eiqpreaaion  in  braeketa  rednoea  to: 

[l/2  (v  A,  ,|.r'  Ab  alnd")  ain  l(d-do)  -i-Ai^s  *  (r*  Ab  eoad" 

-  A«  Tf)  8in2  (d-do)] 
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Then  I  d^9  /dt^  ■  -  Wr  cob  9*  Pd(t)  As  Ys  1 1 

+  [(w/2  Yb)+  (r*  Ab/2YgAg)  sin0"]  aln  2(0-  0o) 

4  [  (r'Ai/As  Ys)  cos0"-l]  sln2  (0-0o)}  (2.U) 

Equation  2.14  then  describes  the  motion  of  the  body  when  rota¬ 
tion  about  axis  ee  is  assumed  to  be  the  only  motion  occurring. 
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2.5.4  Loading  on  the  Test  Targets 


For  the  test  mder  consideration  the  majority  of  the  vehicles 
were  placed  either  side-^n  to  the  blast  or  face-on  to  the  blast.  These 
were  the  two  orientations  considered  in  the  application  of  the  loading 
methods.  Quns  and  tanks  were  included  in  the  target  items,  but  only 
vehicles  were  in  such  locations  that  they  could  be  instrumented.  Ihere- 
fore,  attention  was  concentrated  on  pr  dictions  for  the  vehicles. 

The  two  vehicular  targets  cons;  ■'d  were  the  1/4  ton  truck 
M-38A1  and  the  2-1/2  ton  truck  M-135.  •  calculations  were  performed 

for  Shot  9  assuming  the  blast  wave  striking  the  vehicles  to  be  a  Mach 
wave.  For  those  pressure  levels  occurring  in  the  regular  reflection 
region  the  solution  was  obtained  using  a  Mach  wave  of  the  correspondlDg 
pressure  and  dtiratlon.  For  the  regular  reflection  region  the  response 
solutions  obtained  in  this  manner  should  be  greater  in  magnitude  than 
the  response  experienced  because  of  the  reduced  horizontal  drag  compo¬ 
nent  in  the  regular  region.  A  simple  modification  taking  into  account 
this  reduction  in  drag  component  was  performed  on  the  Hach  solutions. 

The  overpressure  levels  selected  were  5,  7.2,  9.2,  14.0  and 
20.0  psl.  The  values  were  determined  by  the  expected  placement  of  the 
vehicles  in  relation  to  Instmaent  shelters. 

The  applloatlon  of  the  methods  to  the  H-38A1  slde-on  and  face- 
on  and  to  the  ^135  slde-on  and  face-on  follows.  The  specific  objec¬ 
tive  of  the  loading  oalculations  as  applied  for  this  test  was  to  obtain 
values  for  the  linear  and  angular  shook  loading  impulse  for  determining 
the  Initial  conditions  for  the  equations  of  motion,  and  for  determining 
the  areas  presented  to  drag  pressure  for  use  in  deriving  the  equations 
of  motion. 

The  otibold  representation  of  the  target  is  dependent  tqpon  the 
construction  of  the  target  item,  of  course.  The  representation  for  one 
orientation  may  differ  Srom  6hat  of  another  orientation  beoaxise  of  the 
change  in  the  relative  isqxnrtance  of  various  parts  of  the  vehicle  as 
the  orientation  is  changed.  Ihe  ntaiber  of  resulting  cuboids  for  a  given 
orientation  depends  upon  how  many  cross-sectional  areas  of  importance 
have  different  loading  characteristics.  Qrawlngs  and  photographs  and 
the  actual  items  were  studied  in  the  attempt  to  arrive  at  a  realistic 
cuboid  representation. 


Fig.  2.15  Division  of  1/4  Ton  Truck  M38A1  into  Gross-sectional  Areas 
for  the  Side-on  Orientation 
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The  oubold  representation  for  the  M38A1  1/4  ton  truck  In  side- 
on  orientation  is  shown  in  Fig.  2»1$,  where  ai,  a2.  etc.,  indicate  the 
cross-sectional  areas.  Table  2.3  lists  the  dimensions  of  the  cuboids 
and  the  loading  constants  assigned  to  each.  The  cuboids  are  identified 
bgr  their  eross-seotlonal  areas. 

The  drag  coefficient  for  a  cube  resting  on  the  ground  plane  is 
taken  as  1.0,  and  the  values  assigned  to  the  component  cuboids  are 
varied  around  this  value  depending  upon  whether  the  actual  component 
is  streamlined)  hence  reducing  drag,  or  irregular  to  the  extent  that 
flow  is  impeded  more  than  for  a  simple  cube. 

In  the  Armour  loading  method  the  clearing  tine  of  the  front 
face  is  expressed  in  terms  of  the  length  of  time  for  the  rarefaction 
wave  to  travel  three  times  the  distance  from  the  top  of  the  cuboid  to 
the  ground  plane  or  from  the  sides  to  the  center  of  the  front  face, 
whichever  is  the  lesser  distance.  In  the  case  of  cross-sectional 
area  the  appropriate  distance  h  is  the  height  of  ai,  since  the  rare¬ 
faction  wave  can  travel  no  shorter  distance  to  relieve  the  face  com¬ 
pletely.  No  impediment  is  offered  to  the  build-iq)  of  pressure  on  the 
rear  face,  and  this  was  asstamd  to  take  place  in  the  normal  time  of 
8b/n.  The  drag  coefficient  was  chosen  as  1.0. 

In  the  case  of  a2  the  fender  prevents  nozmal  clearing  upward 
and  to  the  right.  Any  impediment  to  normal  flow  around  the  cuboids  is 
cosqMnsated  for  b7  adjusting  the  clearing  tines  and  the  rear  loading 
times.  Clearing  of  the  front  face  was  assumed  to  take  the  more  than 
normal  time  of  Ah/Cr,  where  h  is  the  height  of  a.2  and  Cr  is  the  veloc¬ 
ity  of  the  rarefaction  wave  in  the  reflected  region.  The  drag  coeffi¬ 
cient  was  chosen  as  1.5  becatise  of  the  action  of  the  fenders  in  Impeding 
the  flow. 

The  clearing  and  loading  of  a^  was  assuned  to  be  normal  with  h 
the  width  of  a^.  This  distance  is  the  shortest  that  the  rarefaction 
wave  could  travel  to  relieve  the  reflected  pressure  on  the  front  face. 
The  drag  coefficient  was  assuned  to  be  the  normal  1.0. 

The  clearing  and  rear  loading  of  a/  was  also  assumed  normal) 
with  h  taken  to  be  1/2  the  height  of  a.^,  since  the  rarefaction  wave 
will  start  from  each  edge.  The  drag  coefficient  was  assunwd  to  be  1.2) 
since  the  area  is  irregular. 

Area  a5)  representing  the  iqpper  part  of  the  driver's  seat)  is 
dvqpUcated  by  the  passenger  seat.  This  passenger  seat  was  assuned  to 
receive  an  Impulse  equal  to  0.75  the  ar  ijqnilse.  Clearing  and  loading 
for  a5  were  assusnd  to  be  normal)  with  a  taken  as  the  width  of  the 
area.  Onig  coefficient  was  chosen  as  1.0. 

The  area  a^  was  assmed  normal  with  h  taken  as  6  in.  for  the 
front  fmoe  and  12  ui.  for  the  rear  face.  Clearing  for  the  f^ont  face 
begins  from  the  top  and  bottom  edgeS)  while  loading  on  the  rear  begins 
from  one  edge.  The  drag  coefficient  was  assuasd  to  be  1.0.  The  a^  is 
duplicated)  and  the  rear  area  was  assigned  0.75  the  a^  impulse. 

Area  representing  the  spare  tire  and  gas  can)  was  assumed 
to  be  normal)  with  h  as  4  in**  and  the  drag  coefficient  1.0. 

Area  ag  represents  the  wheels.  Clearing  of  the  front  face  is 
assumed  nomml)  but  loading  on  the  rear  face  should  be  longer  than 
nozmal  because  of  interference  from  the  fender  housing  and  the  concavity 
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of  the  rear  face.  Tho  value  h  is  taken  as  the  radius  of  the  wheel  and 
the  ime  for  loading  on  the  rear  face  is  taken  to  be  ]Oh/u,  and  the 
drag  coefficient  is  1.0.  'Ihe  area  is  duplicated  by  about  l/2  the  area 
of  the  onposite  wheels  and  the  secondarj'  ar'ea  is  assigned  an  impulse  of 
0.2^)'  a,^  to  allow  for  assumed  attenuation  of  the  shock  wave  in  traveling 
under  the  vehicle.  Y  for  this  secondary  area  is  taken  to  be  9.0  in. 

Area  a^,  is  the  area  under  the  rear  fender  housing,  and  clearing 
and  rear  loadihg  is  assuiaed  to  be  impeded  by  the  fenders.  'Ihe  time  for 
clearing  was  taken  to  be  hh/Cr,  and  the  time  for  loading  the  rear  face 
was  taken  to  be  12h/U,  where  h  is  the  height  of  a^.  A  drag  coefficient 
of  1.5  was  assigned,  since  the  fender  housing  shodld  add  considerable 
resistance  to  flow. 

Area  was  assumed  to  be  normal,  with  h  taken  as  the  height 
of  a^  .  A  drag  coefficient  of  1.2  was  assigned  because  of  the  irreg¬ 
ularity  of  the  objects  represented. 

Tlie  values  assumed  for  the  various  quantities  are  listed  in 
Table  2.3.  The  time  for  clearing  the  front  face  is  denoted  by  t-  and 
the  time  for  loading  the  rear  face  is  t_  -  t_.  If  h  for  the  rear  face 
differs  from  the  h  for  the  front  face  tne  numerical  value  is  listed  in 
the  expression  for  -  t^. 

Now  the  desired  results  from  the  loading  calculations  are 
values  for  the  linear  shock  loading  impulse  and  angular  shock  loading 
impulse.  In  the  AHF  reports  these  quantities  are  computed  by  applying 
the  relations  presented  in  Section  2.5.2  to  each  component  cuboid. 


TABLE  2.3  Cuboid  Characteristics  for  M-38A1  Side-on 


Area 

— 

Area 

(ln2) 

Width 

(in.) 

Ht. 

(in.) 

L 

(in.) 

T 

(in.) 

h 

(in.) 

Tb 

(sec) 

Td-T. 

(sec) 

Cd 

®i 

327.8 

34.5 

9.5 

52.5 

a.2 

9.5 

3h/C;r 

8h/U 

1.0 

^2 

752.5 

35.0 

21.5 

29.5 

25.7 

21.5 

4h/Cr 

12h/U 

1.5 

^3 

441.0 

14.0 

31.5 

59.1 

34.7 

U.O 

3h/Cr 

8h/U 

1.0 

270.0 

30.0 

9.0 

59.1 

2.  .4 

4.5 

3h/Cr 

8h/U 

1.2 

^5 

74.0 

4.0 

18.5 

18.0 

37.2 

4.0 

3h/Cr 

8h/U 

1.0 

ae 

408.0 

34.0 

12.0 

6.0 

33.9 

6.0 

3h/Cr 

8(12)/U 

1.0 

a? 

240.0 

8.0 

30.0 

43.0 

35.9 

4.0 

3h/Cr 

8h/U 

1.0 

as 

1461.2 

30.5  dia. 

7.0 

14*4 

15.3 

3h/Cr 

lOh/U 

1.0 

a9 

507.0 

39.0 

13.0 

32.0 

21.4 

13.0 

4h/Cr 

12h/U 

1.5 

610 

176.0 

44*0 

4.0 

29.5 

16.9 

4.0 

3h/Cr 

8h/U 

1.2 
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Then  the  'valties  of  linear  and  angular  shook  loading  impulse  for  each 
component  cuboid  are  added  to  obtain  the  total  shook  loading  impulse 
on  the  vehicle. 

This  procedure  was  followed  for  the  vehicles  and  the  shock 
loading  impulse  values  were  obtained.  The  computation  of  the  impulse 
values  for  each  component  cuboid  was  tedious^  and  therefore  once  the 
values  were  available  to  check  the  effects  of  any  change  in  procedure , 
the  computational  process  was  simplified  for  further  calculations 
which  might  be  done. 

The  simplification  introduced  was  the  averaging  of  the  componr- 
ent  cuboid  characteristics  to  obtain  a  single  cuboid  which  would  expe¬ 
rience  a  shock  loading  impulse  equivalent  to  the  sun  of  the  loading  of 
the  oonponent  cuboids.  The  characteristics  of  the  equivalent  cuboid 
are  given  b7  the  following  relations: 


Area 

II 

M 

if 

(2.15) 

Hf  = 

Height 

•  2Hf 

(2.16) 

Hr  = 

Width 

=  A/(2Hf) 

(2.17) 

tg  m 

Length 

11 

»  (2.18) 

H- 

T 

-Spin* 

(bh)n  4 

►  (oh)n) 

■n^n] 

Splu* 

(bh)n  . 

►  (ch)a) 

•n] 

(San  (bh)n)/(3Zan)  (2.20) 

(San  (ch)n)/(85:an)  (2.21) 

(San  (bh)n)/(CrSan)  (2.22) 

tc  s  (San(ch)n)/(IJSan)  (2.23) 

(2.19) 


The  subscript  n  identifies  the  oosqwnent  cuboid »  Hf  is  the  ninlnw  dls> 
tanoe  for  the  rarefaction  wave  to  travel  in  clearing  the  front  face, 
in  the  mlnlM  distance  for  loadlx^g  wave  to  travel  in  loading  the 
rear  face,  I  is  the  approadmate  distance  fjrom  the  ground  plane  to  the 
center  of  pressure  of  the  equivalent  cuboid,  tg  is  the  clearing  tins 
cf  the  front  face  for  the  equivalent  cuboid,  tg  -  tQ  is  the  loading 
tins  of  the  rear  fhoe  for  equivalent  cuboid,  (bh)n  is  the  mnerator  of 
the  empression  for  Tg  for  a  ooaqponent  cuboid  n,  such  as  is  listed  in 
Table  2.3,  and  (oh)n  is  the  nwsxator  of  the  expression  for  tg  -  tg  for 
a  oonponent  cuboid  n,  such  as  is  listed  in  Table  2.3.  The  equations 
weigh  the  dlnsnslons  of  the  ooiqwnsnt  cuboids  according  to  the  cross- 
sectional  area  of  each  cuboid. 

The  value  of  angular  shook  loading  impulse  on  the  vehicles 
obtained  by  multiplying  the  value  of  T  given  by  Equation  2.19  times  the 
linear  shook  loading  impulse  differs  fron  the  values  obtained  by  con¬ 
sidering  the  ooB^ponent  cuboids  individually  and  stmsBing.  This  differ¬ 
ence  was  less  than  five  p«r  cent  and  was  considered  sufficiently  small 
to  neglect  in  ooaqparlson  to  errors  ^oh  may  result  from  the  basic 
assuq>tions  of  the  method.  The  value  of  linear  shook  loading  impulse 
is  the  same  as  that  obtained  by  the  individual  treatment. 

The  equivalent  oiiboid  dimensions  for  the  M-135  and  M38A1 
vehicles  in  slde^n  and  face-on  orientation  ware  computed  and  are  con¬ 
tained  in  Table  2.4.  These  equivalent  cuboids  may  be  used  for  the 
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computation  of  shock  loading  Impulse  for  a  given  overpressure  and  dura¬ 
tion  on  the  >08A1  and  M-135  by  the  process  described  in  Section  2.5.2. 

Figure  2.16  shows  the  equivalent  cuboid  for  the  M38A1  in  side-on 
orientation.  The  calculations  of  the  linear  and  angular  shock  loading 
impulse  on  this  cuboid  for  one  particular  overpressvire  level  is  listed 
here.  At  an  overpressure  of  9.2  psi,  57  degrees  C,  12.2  psi  atmospheric 
pressure,  Pr  =  23.77  psi,  U  s  1428  ft/sec,  Cr  s  1304.8  ft/sec.  Then: 

tg  =  41.91/Cr  s  0.00268  sec,  tp  -  tg  s  134.07/U  s  0.00782  sec 

to  =  L/U  a  24.62/U,  tg  s  134.07/U+  24.62/U  =  158.69/U  -  0.00926  sec 

Then  tg  -  tg  s  0.00658  sec. 

For  the  times  involved  the  corresponding  pressures  are  obtained 
from  Friedrich's  modified  equation  listed  in  the  GREENIKUSE  report.^/ 

Then  Pg  =  Ps(tB)^  2/3  Pd(tg)  =  10.57  psi 

Pd  =  Ps(^d)-  1/3  Ba(tD)  =  8.19  psi 

Pe  r  Ps(tD)+  2/3  Pd(tD)  =  10.29  psi 

ai  =  1/2  (Pr+  Pb)  =  0.0460  Ib-sec/in^ 

A2  =  1/2  Pd(^D  -  ■‘^c)  =  0.0320  lb-sec/in2 

^3  s  1/2  (Pg+  pE)(tg  -  tg)  r  0.0686  lb-sec/in2 

Thus  the  shock  loading  Impulse/in^  is  -  A2  A3  -  0,0826  lb-sec/in2. 

The  total  shock  loading  for  the  eqriivalent  cuboid  and  hence  for  the 
vehicle  is  given  by  the  product  of  the  total  area  and  the  shock  loading 
impulse/in2  fo\ind  above,  and  the  result  is  445  lb-sec. 


Fig.  2.16  Equivalent  Cuboid  for  H3dAl  Slde-on 
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The  angular  shock  loading  impulse  Is,  from  Equation  2.3d,  where  T 
is  the  averaged  value  for  the  equivalent  cuboid: 

I  (445  lb-sec)  s  (23.2  in) (445  lb-sec)  s  860  Ib-sec-ft 

The  area  presented  to  drag  flow  by  the  vehicle  is  chosen  less  than 
that  concerned  in  shock  loading,  since  the  duplicated  areas  will  have 
small  effect. 

The  following  areas  were  assumed  to  compose  the  area  presented  to 
drag:  a^,  aa,  a^,  a^,  arj,  O.Sag,  ao,  and  a^Q.  Only  l/2  the 

wheel  area  was  used  since  1/2  the  area  overlaps  the  body  area. 

The  object  of  the  calculations  was  to  obtain  Ag,  where  Ag  s  AC^ 
(where  C(i  is  the  drag  coefficient  and  A  is  the  s\mi  of  the  cross- 
sectional  areas  of  the  above  components),  and  Ig,  the  distance  above  the 
ground  plane  of  the  point  of  applloation  of  the  drag  foroe» 

^s  =  £  ^nOd  s  4646  In^ 

XanCdT  z  120,900  ln3 

Is  =  (XanCdD/CXanCd)  s  26.02  in  .  2.17ft  (2.?5) 

For  the  equivalent  cuboid,  Cd  =  (ZanCd)/(XaQ)  s  I.IB  (2.26) 

The  values  for  Ag  and  Yg  for  the  other  orientations  and  vehicles 
were  obtained  in  the  same  manner. 

The  applloation  of  the  loading  method  at  other  pressuire  levels  and 
to  the  K38A1  faoe-on  azad  the  M-135  side-on  and  faoe-on  was  carried  out 
in  a  similar  manner  using  the  relations  appropriate  for  eaoh  oase.  The 
values  obtained  for  the  linear  and  angular  shook  loading  impulse  are 
shown  in  Figs.  2.17  and  2.18.  These  curves  apply  for  the  teat  vehioles 
struck  h7  a  Maoh  wave  which  has  the  ideal  pressure-time  decay  wi'Ui  the 
duration  equal  to  that  predicted  for  the  ttaoh  and  regular  reflection 
regions  for  Shot  9. 

The  values  of  linear  and  axigular  shock  loading  iaqralse  as  read 
from  these  curves  were  used  to  calculate  the  Initial  velocities  from 
equation  2.7  to  be  applied  as  a  condition  on  the  equations  of  motion 
describing  the  response  of  the  vehioles. 

2.5.5  Response  of  the  Test  Targets 

Sufficient  loading  data  were  obtained  in  the  previous  section 
for  setting  up  the  equations  of  motion.  The  additional  physioal  char¬ 
acteristics  required  for  the  equations  except  for  the  lument  of  inertia 
of  the  vehioles  about  the  assoaed  axes  of  rotation  were  determined  from 
manuals  and  body  builders'  drawings.  Sinoe  no  naans  were  available 
whereby  the  moments  of  inertia  could  be  determined  eo^rlmentally  thsy 
were  approximated  by  oaloulatlons  described  in  Appendix  B. 

Sinoe  only  sliding  or  rotation  was  asstned  to  occur  for  a  given 
orientation,  each  oase  was  investigated  to  determine  the  ‘^rpe  of  motion 
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BK>st  llkeljr  to  occur.  For  the  K38A1  in  face— on  orientation  the  con¬ 
dition  for  no  turning  to  occur  is,  trm  Equation  2.12: 

L  cos  9  0 

Substituting  Ig  s  2.7  ft,  L  ■  4.2  ft,  axid  oob9o  s  0.847,  then  the 
result  appears  that  for  no  turning 11.3  (assiming  p  to  be  constant). 

Now  all  vehicles  exposed  were  park^  with  the  gears  disengaged,  in 
neutral,  and  with  the  hazkd  brake  applied.  The  hand  brakes  are  designed 
to  hold  the  weight  of  the  vehicles,  that  is,  to  provide  p.  :  1.0.  Then 
if  1.0  represents  about  the  nazimBi  value  of  the  coefficient  the  vehicle 
in  this  orientation  can  be  expected  to  slide  only. 

For  the  )^135  truck  face-on  Jg  ■  4>1  ft,  L  ■  8.5  ft,  and  cos  do  s 
0.931.  Then  the  condition  for  no  turning  is  that  m  1.93*  Therefore, 
since  the  hand  brakes  provide  apof  1.0  naxljBun  the  M-135  oan  be  ex¬ 
pected  to  slide  only. 

For  the  M38A1  side-on  Ig  -  2.2  ft,  L  -  3.2  ft,  and  cos  do  -  0.712. 
Then  the  condition  for  no  turning  is  that)t  11.02.  Because  of  the  loose 
surfbce  of  the  soil  at  the  test  site  it  seemed  likely  that  the  co¬ 
efficient  of  flriction  would  increase  as  the  truck  slid  sideways.  Thus 
although  sliding  occurs  at  first  rotation  say  predominate  very  shortly 
after  sliding  begins. 

If  the  condition  far  ao  rotation  is  examined  for  the  }^135  side- 
on  the  result  is  thatplO.9  for  no  turning  to  occur.  If  the  coefficient 
of  friction  is  1.0  as  assumetC  then  rotation  should  occur  initially  and 
a  combination  of  the  two  types  of  motion  can  be  Mqwctcd,  with  rotation 
probably  predominating. 

For  the  slde-on  orientation  a  combination  of  the  two  types  of  notion 
seems  most  probable.  In  any  case  the  equations  for  sliding  only  and  for 
rotation  only  are  investigated,  and  since  the  appearance  of  one  node  of 
notion  should  decrease  the  energy  expended  in  the  other  node,  the  soli;^ 
tions  for  sliding  only  and  for  rotation  only  should  bound  the  motion 
actually  coourrlng. 

For  each  case  there  is  a  Uniting  pressure  for  a  given  coefficient 
of  ftletion  below  which  no  sliding  occurs.  The  condition  for  no  slid¬ 
ing  is  Equation  2.13s 


Pd(t)  AgSlOl 

From  this  condition  the  Uniting  pressure  at  which  the  drag  pressure 
alone  wlU  produce  no  sUding  can  be  obtained.  Assmlng  a  coefficient 
of  p  s  1.0,  the  Uniting  pressure  for  the  K18A1  slde-on  is  4.3»  for  the 
lOSkl  face-on  is  4*8>  for  Use  M-135  slde-on  is  5.0,  and  for  the  Mkl35 
face-on  is  8.4*  The  shook  loading  iqnilse  will  cause  novenent  of  0.1 
ft  naximai  at  these  Uniting  pressures  for  p  s  1.0.  Since  the  lowest 
pressure  at  idiloh  vehicles  were  placed  was  5.0  psi,  then  movement 
should  occur  at  all  positions  by  all  the  vehicles  except  the  M-135  face- 
on,  in  idtloh  case  the  movement  is  negUgible.  For  aU  vehicles  to  move 
at  the  5*0  psi  level  then  the  coefficient  of  firlotion  should  be  less 
than  0.4. 
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Tbs  squstlons  of  rigid  body  sotion  for  rotation  only  for  tbs  ve- 
biclss  in  eids-on  orlsntation  wore  obtainsd  by  substituting  tbs  appro* 
priats  quantitiss  listsd  in  TSbls  2.^  in  tbs  previously  derived 
Equation  2.lU. 


TABLE  2,$  Tebiele  Pameters  Used  in  tbe  Equation  for  Overturning 


Ice 

slug. 

ft2 

ft2 

m 

n 

n 

ft 

v 

ft 

R 

I 

sin 

008  0" 

W 

lb 

M38A1 

983 

U8.3U 

32.26 

2.17 

2.76 

li.92 

3.16 

iih.6 

0.5775 

0.8161( 

2,620 

M-135 

9290 

11(6.50 

108.00 

3.19 

3.97 

5.73 

1(.27 

1(7.9 

0.6926 

0.7215 

12,380 

Tbe  equation  resulting  for  tbe  tOBAl  slde*on  is  as  foUovs: 
d2  e/dt2  s  -  480.8  008  ^4326  Pd(t)  [l.80  -1-3.03  sin  2(9- Bo) 

■f8in^(  d*  do)|  (2.25) 


Tbe  resulting  equation  for  the  H-135  side-on  vault 


d2  0/dt2  ,  -326.1  oos 


9  +66.7  Pd(t)  f  4.59  +6.80  sin  2  «(  -  9o) 

,  ^  ,  (2.26) 

+8in2  (9- 9o)l 


In  each  equation  Pd(t)  is  in  lb/in2,  91s  in  degrees^  and  t  is  in 
seoonds. 

The  initial  angular  vsloelties  applied  as  a  ooodltlon  on  those 
equations  were  obtained  fTos  Equation  2.7. 


(d  9/dt)e  s  (shook  loading  angular  iapulse/  Iqo)  57.3V^>  (2.27) 
The  values  are  listed  in  Table  2.6 

The  solutions  for  the  pressures  tabulated  were  oosqpnted  by  the  BBL 
Couqputing  Laboratory.  Tbe  resulting  curves  for  velooity  and 

angvJar  dlsplaoMent  are  shown  in  ngs.  2.19,  2.20,  2.21,  and  2.22. 

The  ourves  are  texainated  abnqptly  because  the  coaputations  vers  ended 
when  the  vehicle  had  rotated  through  an  angle  of  90  degrees  or  returned 
to  its  Initial  position  of  sero  displaoeaent.  The  oos^utations  oould 
be  extended  beyond  90  degrees  by  using  the  angular  velocity  at  this 
point  as  an  initial  condition  on  a  seoond  equation  of  notion  of  the 
sane  type  but  with  different  constants  (due  to  the  changed  physical 
characteristics  in  this  position).  However,  the  calculations  required 
for  this  extension  were  not  considered  Justified  by  the  precision  of 
the  results  to  be  e^qpeoted. 

Since  nany  of  tbe  teat  iteas  were  placed  in  the  regular  reflection 
region,  a  siivle  nodifioation  of  tbe  equation  was  attenpted  to  approxl- 
nate  the  effects  to  be  e:qpeoted  in  this  region.  The  shook 
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impulse  was  considered  to  be  the'  same  as  for  a  Maoh  wave  of  the  same 
pressure  and  duration  as  the  predicted  reflected  wave.  The  horlsontal 
oomponent  of  drag  was  red\ioad  in  the  following  manner:  The  horizontal 
wind  oosqponent  of  the  refleoted  wave  was  considered  dependent  on  the 
angle  of  refleotlon.  The  angle  of  refleotion  was  assumed  equal  to  the 
angle  of  Inoldenoe.  Expressing  this  horizontal  wind  component  in 
terms  of  the  angle  of  inoldenoe  o  and  the  wind  velocity  V  behind  the 
shook  front: 


Oh  =  V  sin  0 

Now:  Pd(t)  -  1/2  P  (t)  V(t)2  where  p  (t)  -  density 

The  horlsontal  oomponent  of  the  drag  force  Pd(t)h  is  found  by  substitu¬ 
tion  of  the  horizontal  eompoz»nt  of  the  wind  velocity  into  Pd(t): 

Pd(t)h  s  1/2  p  (t)  0.2  s  1/2  p  (t)  (V  sin  a  )2  ^  sin^  oPd(t) 

(2.28) 

Then  the  drag  pressure  in  the  regular  z^gion  is  considered 
as  the  drag  pressure  for  a  Maoh  wave  multiplied  by  the  square  of  the 
angle  of  inoldenoe.  The  equations  were  modified  aooordi^ly  for  the 
tabulated  pressures  aiul  angles  of  inoldenoe.  The  values  of  a  as 
obtained  the  predicted  ourves  are  listed  in  Table  2.6. 

Solutions  for  the  angular  velooities  obtained  with  this  modifioa- 
tion  for  the  slde-on  orientation  are  shown  in  Figs.  2.23  and  2.24.  It 
is  evident  that  a  oonsldexable  reduction  in  effect  results. 

The  equations  of  motion  for  the  vehioles  for  sliding  only  were 
obtained  by  substituting  the  values  for  Ag  and  U  from  Table  2.3  into 
the  equations  2.9>  2.10,  axxl  2.11  derived  for  translations,  ^e  result¬ 
ing  equations  for  the  aooeleratlons  were: 


K18A1  Side-on  t 

d^dt2  -  g(1.78  Pd(t)  -  p) 

(2.29) 

tOSAl  Phoe-on: 

dV<it2  =  g(1.56  Pd(t)  -  p) 

(2.30) 

M-135  Side-on: 

d^dt2  _  g(i.26  Pd(t)  -  p) 

(2.41) 

H-135  Faoe-on: 

d2x/dt2  -  g(0.47  Pd(t)  -  p) 

(2.31) 

Here  z  is  in  feet,  t  is  in  seconds,  g  is  the  acceleration  due  to  gravity, 
pis  the  ooeffioient  of  friction,  and  Pd(t}  is  the  dynamio  pressure  in 
psl. 

Vfhen  the  equations  are  integrated  the  following  relations  were 
obtained  for  the  sliding  velooities: 

IG8A1  Side-on: 

dVdt  s  57.2 

o  0 


Pd(t)dt  -Mg(t  -  t»)  -  57.2 


Pd(t)dt 


+(dx/dt)*  (2.33) 
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K38A1  Face>oa: 

/t  rU 

Pd(t)dt  -  ng(t  -  t«)  -  50.2  j  Pd(t)dt 

-•■(d:V'dt)«  (2.34) 


M-135  Side-on:  ^  t  ^  t» 

dx/dt  r  40.4  J  Pd(t)dt  -  ^g(t  -  t»)  -  40.4  J  Pd(t)dt 

0  o 

+ (dx/dt)* 


(2.35) 


M-135  Face-on; 


t» 


dx/dt  -  15.0  j  Pd(t)dt  -  ^ig(t  -  t*)  -  15.0  Jpd(t)dt 
^  +  idx/d.t)» 


(2.36) 


The  values  of  (dV<lt)«  are  derived  froa  the  llxMar  shook  loading 
impulse  as  indioated  hgr  Equation  2.7.  The  expression  for  t«  for  eaoh 
case  is  tabulated  in  Table  2.4.  The  values  obtained  for  (ds^dt)*  for 
Shot  9  are  given  in  Table  2.7. 


TABLE  2.6  Angular  Velooities  and  Angles  of  Ineidanoe  at  Given 
Overpressure 


p«i 

)08A1 

deg/seo 

M-135 

deg/seo 

a 

degrees 

5.0 

26.97 

18.42 

7.2 

39.32 

26.64 

9.2 

50.68 

34.54 

12.0 

67.00 

45.33 

40.26 

U.0 

78.93 

53.04 

yj,^ 

16.0 

90.6 

60.87 

32.39 

20.0 

114.8 

76.78 

22.94 
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TABLE  2.7  Initial  Velocities  Derived  from  Linear  Shock 
Loading  Impulse 


psi 

K3BA1  Side-on 
(ft/sec) 

l-DBAl  Face-on 
(ft/sec) 

1^135  Side-on 
(ft/sec ) 

1‘1-135  Face-on 
(ft/sec) 

mm 

2.9 

2.8 

2.6 

1.0 

4.2 

4.0 

3.7 

1.5 

5.5 

5.2 

4.9 

1.9 

B.5 

8.1 

7.5 

3.0 

12.4 

11.3 

10.9 

4.3 

The  equations  resulting  for  displacement  are,  from  Equation  2.10, 
(Knitting  the  negligible  second  term: 


1’08A1  Side-on: 

x=57.2  /[/pd(t)dt] 
o  o 

dt  -  (t* 

-  t»)  [ (Kg/2)(t'  -  t#) 
t» 

M3&A1  Face-on: 

t'  t 

*57.2  J 
0 

f Pd(t)dt  -  (dx/dt)f] 

(2.37) 

X  =  50.2  J'[yPd(t)dt] 

dt  -  (f 

-^t«)[(pg/2)(t'  -  t#) 

O  Q 

^^135  Side— on: 

t'  t 

♦50.2  J 

o 

^Pd(t)dt  -  (dx/dt)»] 

(2.38) 

X  r  40.4  J[J?Ht)dt] 

o  0 

dt  -  (t* 

-  t«)  [(jig/2)(t'  -  t») 
rU 

K-135  Face-on: 

V  t 

♦  40.4  J 

o 

1  Pd(t)dt  -  (dV<it)«J 

(2.39 

X  z  15.0  J[Jpd{t)dt] 

dt  -  (f 

-  t»)[(pg/2)(t'  -  U) 
r  t» 

0  0 

+15.0  J 
0 
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The  integral  terms  are  evaluated  from  calculated  pressure-time  decay 
cvirves,  t«  is  calculated  from  the  relation  given  in  Table  2.3,  and  t' 
is  fotind  as  indicated  in  section  2.5.3,  Equation  2.11. 

The  values  of  total  displacement  were  calculated  assuming  coeffi¬ 
cients  of  friction  of  0.25,  0.5,  and  1.0.  The  displacements  plotted 
against  overpressure  are  shovm  in  Figs.  2.25  through  2.28.  Since  a 
Mach  wave  was  assumed,  the  dynamic  pressure  required  for  a  given  dis¬ 
placement  is  determined  from  the  overpressure  b/  the  usual  relation 
between  the  overpressure  and  the  dynamic  press\ire  in  a  plane  wave. 

When  plotted  on  log  log  paper  versus  overpressure  the  displacements 
form  almost  a  straight  line  curve  iq)  to  about  15  psi.  Ibus  displacement 
as  a  function  of  overpressure  is  of  the  following  approximate  form  for 
the  region  from  5.0  to  15.0  psi:  x  s  C  Pb  where  x  is  the  displacement, 

C  is  a  constant,  P  is  the  overpressure,  and  b  is  a  constant  3<b<4« 

The  displacements  represent  the  effect  of  a  Mach  wave  of  the  same 
pressures  and  durations  expected  for  Shot  9.  Beyond  about  11.0  psi 
the  regular  reflection  region  is  entered  on  Shot  9,  and  the  dlsplaoe- 


0  2  4  6  8  10  12  14  16  18  20 

PEAK  OVERPRESSURE  (LB/IN^) 

Fig.  2.17  Linear  Shock  Loading  Impulse  on  Test  Vehicles 


57 

SECRET- RESTRICTED  DATA 


Pig.  2.19  Angular  Velocities  of  N38il  1^  Ton  Aniek 
Struck  Side-on  by  Mach  Wave  (Calculated) 


TIME  (KC) 

Pig.  2.20  Angular  Dis^acenant  of  M38A1  lA  Ten  Truck 
Struck  Side-on  by  Mach  Wave  (Calculated) 
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Fig,  2.21  Angular  Velocities  of  M-l"’*^  2-1/2  Ton  Truck  Struck  Side-on  by  Mach  Wove  (Calculated) 


ANGULAR  VELOCITY  (OEGREES/SEC)  ANGULAR  VEUOaTY  (DEGREES/SEC) 


TIME(SEC) 


Pip:.  2.23  Calculated  Angular  Velocities  of  M38AI  lA  Ton  Truck 
Struck  Side-on  by  Wave  in  Regular  Region 


0  0.2  0.4  0.6  0.8  1.0 

TIME  (SEC) 


Z,2b  Calculated  Angular  Velocities  of  M-13'r  2-1/?  Ton  Truck 
Struck  Side-on  by  Wave  in  Regular  Region 
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Fig.  2.25 


2  4  6  8  10  12  14  16  18  20  22 

OVERPRESSURE  (LB/IN 


Calculated  Linear  Displacement  vs  Overpressure 
for  M-38A1  l/U  Ton  Truck  Struck  Side-on  by 
Mach  Wave  (Assuming  Sliding  Only) 
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0  2  4  6  e  10  12  14  16  18  20  22 

OVERPRESSURE  (LB/IN*) 

Fig.  2.26  Calculated  Linear  Displacement  vs  Overpressure  for 
M-38A1  lA  Ton  !ftTick  Struck  Face-on  by  Mach  Wave 
(Assuming  Sliding  Only) 
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Bients  obierved  oan  be  expected  to  decrease  below  the  curve  values  as 
the  horlsontal  viM  coiqponent  decreases. 

No  calciilations  were  made  for  Shot  10.  However,  because  of  the 
expected  slightly  shorter  durations  the  oaloulated  displacements  for 
Shot  10  should  be  about  the  same  or  less  than  the  displacements  re¬ 
corded  In  Figs.  2.25  through  2.28. 

It  Is  emphasised  that  the  linear  displacements  presented  In  the 
figures  listed  were  oalctOated  asstmdng  sliding  only.  If  rotation 
oooiurs  the  total  sliding  should  be  reduced.  If  the  vehicle  overturns 
the  original  construction  of  a  simple  cuboid  sliding  over  a  plans  no 
longer  applies,  and  the  values  trca  the  curves  cannot  be  aj^pUed 
accTuately  to  the  actual  test  situation.  Thus  if  the  vehicle  remains 
vgprlght  the  values  for  the  linear  dlsplaomaent  given  by  the  curves  should 
bound  those  aotwUy  occurring,  and  above  the  pressure  required  for  over¬ 
turning  the  curves  can  only  be  considered  to  give  an  Indication  of  the 
magnitude  of  the  displacement  that  would  result. 


4  6  8  10  12  14  18  18  20  22 


OVERPRC8SURE  (LB/IN*) 

Fig.  2.27  Calculated  Linear  Displacement  vs  Overpressure  for  M-135  2^ 
Ton  Truck  Struck  Slde-on  b7  ^ch  Wave  (Assuming  Sliding  Only) 
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Fig.  2.28  Calculated  Linear  Displacement  vs  Ovex*pre8sure  for 
M-135  2-1/2  Ton  Truck  Struck  Face-on  by  Mach  Wave 
(Assuming  Sliding  Only) 
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CHAPTER  3 


EIPERIMEJITAL  PRDCEIXJRE 


3.1  FIELD  lAIOCT  -  SHOT  9  AHD  SHOT  10 

The  eqiilpaent  exposed  in  Shot  9  and  Shot  10  oonslsted  of  the  fol> 
louing: 

1.  Truoks,  2-]/2  ton  K>35 . . 27  each 

2.  nruoks,  3/4  ton  M3SA1 . 27  eadh 

3.  57  wm  gunSf  M-l . 27  aaeh 

4.  105  m  howitiers,  M-3 . 5  each 

5.  Tanks  (N4  >  3  ea.)  (K24  -  1  ea.)  (10-3  aa.) 

(M7  -  Sp  1  ea.) . 7  eaoh 

6.  90  at  AA  Guns  (MlAl) . 2  saoh 

It  was  intended  to  use  105  as  howitsers  (16A1),  hut  these  were  in  short 
supply  and  in  lieu  thereof  57  as  guns  were  used.  For  the  purpose  of 
this  report,  it  was  assused  that  the  daaage  ehaxaoteristies  of  the  57 
an  gun  are  to  those  of  the  105  mt  howitser.  The  looation  and 

orientation  of  the  items  ejqposed  are  listed  in  Table  3.1  and  TSble  3.2, 
for  Shot  9  and  Shot  10  respeotirely.  Field  layout  of  equipsant  exposed 
is  shown  in  Figs.  3.1,  3.2,  and  3.3.  The  90  m  guns  were  located  in 
the  USSIT  ROCK  Sector  to  coordinate  the  weapons  effeotiweness  test 
with  troop  indootrination.  Only  Tehides  were  eaqased  on  Shot  9, 
since  the  maxlSBa  pressures  expected  were  insufficient  to  cause  damage 
to  either  guns  or  tanks. 

The  Tetdeles  and  gune  were  placed  side-on,  rear-on,  and  face-on. 

It  was  assumed  that  side-on  orientation  would  cause  greater  target  eul- 
nersbility  and  face-on  least  target  vulnerability.  The  items  in  rear- 
on  orientations  would  be  in  the  intermediate  category  between  least  and 
greatest  vulnerability.  Because  of  the  small  nnaher  of  tanks  available, 
these  were  put  in  side-cn  end  faee-on  orientation  only. 

The  guns  and  howitsers  were  tactically  emplaced.  The  emplacements 
were  similar  to  the  standard  Corps  of  Sogineers  hasty  field  eagdaoe- 
nents  for  light  artillery  (see  Ehgineers  Field  Manual  FN-25).  The 
guns  were  located  at  higher  pressure  regions  than  seemed  neccs.  to 
obtain  100  per  cent  damage  probability  as  indicated  by  the  statistical 
analysis.  The  survey  of  105  mm  nowltsers  has  shown  that  a  majority 
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of  the  pieces  were  placed  on  the  surface  for  exposvire  and  since  all  of 
the  57  ran  guns  were  to  be  tactically  emplaced  to  obtain  shielding 
effects,  it  appeared  that  higher  pressures  would  be  necessary  to  obtain 
100  per  cent  damage. 

The  105  mm  howitzers  (M-3)  were  used  to  ooinpeu*e  effects  upon  items 
similar  in  shape  but  different  in  size. 

On  both  shots,  two  stakes  were  driven  into  the  grovuid  near  each 
item  for  marking  their  position  prior  to  the  shot.  After  each  shot, 
these  stakes  were  used  as  reference  points  for  displacement  measvire- 
ments. 


3.2  INSTRUMENTATION 
3.2.1  General 

The  gages  used  to  measure  the  linear  horizontal  and  vertical 
accelerations  were  Wiancko  accelerometers  and  the  self-recording  ERA 
accelerometers.  The  gage  chosen  for  measuring  angular  velocity  was 
the  Giannini  Rate-Gyro,  Type  3611  F.  This  instrument  employs  a  D.  C. 
driven  gyro  which  is  restrained  in  its  zero  position  by  a  spring.  As 
the  rotational  velocity  about  an  axis  perpendicular  to  the  axis  of  the 
gyro  increases,  the  gyro  deflects  against  the  spring  and  sweeps  a 
contact  across  a  potentiometer.  Damping  on  the  order  of  0.4  or  0.5 
is  built  into  the  instrument.  The  gyro  is  designed  to  be  highly 
resistant  to  linear  accelerations  and  vibrations.  The  potentiometer 
resistance  is  2000  ohms,  linearity  is  ^  2  per  cent  of  full  range,  and 
resolution  is  0.5  per  cent  of  full  range.  The  gage  was  employed  in 
an  A.  C.  bridge  circtdt  for  use  with  the  Webster-Chicago  recording 
equipment.  The  D.  C.  power  supply  to  the  gyro  was  provided  by  the 
vehicle  batteries. 

For  further  details  of  the  gages  used  refer  to  the  report  of 
Project  3 <28.1  (WT-738),  since  this  project  provided  all  Instiomentatlon 
for  Project  3.21. 

Table  3«3  and  Table  3.4  delineate  the  range  and  type  of  gage  used 
at  each  pressiire  level  on  Shot  9  and  Shot  10  respectively.  The  letters 
TSO  indloate  the  2-1/2  ton  truck  in  the  slde-on  orientation.  TFO  and 
JSO,  (J,  for  Jeeps)  are  interpreted  in  a  like  Banner.  RG  indicates  the 
rate  gyro,  WcA  indicates  the  Wiancko  accelerometer,  and  ERA  is  the  self- 
recording  accelerometer. 

On  Shot  9,  twelve  Wiancko  gages  and  twenty  accelerometers  were 
placed  on  the  Instrimented  vehicles  for  measuring  linear  accelerations. 
SijBultaneousIy  eight  channels  were  used  for  recording  angular  velocities 
for  the  same  vehicles. 

On  Shot  10,  eight  Wiancko  gages  and  eight  ERA  accelerometers  were 
placed  on  the  instruBiented  vehicles  for  nieasurlng  linear  accelerations. 
Simultaneously  eight  chaxinels  were  used  for  recording  angular  veloci¬ 
ties  for  the  same  vehicles. 

3*2.2  Placement  and  Mounting  of  Gages 

The  frame  of  the  vehicle  was  selected  as  reference  for  indicating 
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displucement  and  orientation  of  the  vehicles.  Therefore,  it  was  desir¬ 
able  to  attach  all  gages  to  the  frame  if  possible.  In  addition,  place¬ 
ment  close  to  the  center  of  gravity  was  desired  to  reduce  any  effects  of 
rotation  on  the  linear  accelerometers.  In  most  cases  mountings  were  con¬ 
structed  in  order  to  obtain  proper  orientation  and  rigid  attachment  to 
the  vehicles.  In  all  eases  the  Wiancko  accelerometer  and  rate  gyros  were 
attached  to  the  outside  of  the  left  frame  member  of  the  2-1/2  ton  truck 
in  line  with  the  center  of  gravity,  and  to  the  outside  of  the  right 
frame  member  of  the  I/4  ton  truck  in  line  with  the  center  of  gravity. 

For  the  2-1/2  ton  truck  face-on,  the  ERA  gage  was  mounted  in  the  center 
of  the  cargo  body  as  far  forward  as  possible.  For  the  l/4  ton  truck 
side-on,  the  ERA  gage  was  mounted  on  the  floor  of  the  tool  box  located 
under  the  right  front  seat.  For  other  orientations,  the  ERA  gage  was 
attached  to  the  frame  members  as  described  above. 

The  vehicles  were  expected  to  move  considerable  distances  in 
some  oases.  It  was  desired  that  the  gages  record  at  least  during  the 
initial  stages  of  this  motion;  thus  it  was  necessary  to  provide  for 
about  50  ft  of  free  cable  at  the  vehicle  locations.  This  free  cable 
was  coiled  in  a  box  about  2  ft  square  \inder  the  vehicle  and  covered 
with  about  2  in.  of  loose  sand.  The  cables  were  tied  securely  to  the 
bottom  of  the  vehicles  with  slack  between  the  secured  point  and  the 
gage. 


3.3  PHOTOGRAPHY 


Motion  picture  photography  of  the  various  positions  was  attempted 
in  order  to  provide  information  about  the  enviroment  of  the  vehicles 
while  under  test,  to  display  the  motion  of  the  vehicles,  and  possibly 
indicate  the  time  of  occurrence  of  damage.  Any  data  obtained  should  aid 
in  the  interpretation  of  the  acceleration  and  angular  velocity  records. 
White  crosses  were  painted  on  the  vehicles  near  the  center  of  gravity 
and  bars  were  painted  at  the  end  of  the  vehicles  to  facilitate  interpre¬ 
tation  of  th<'  films.  The  viewing  axis  was  perpendicular  to  the  path  of 
the  shock  waves.  The  cameras  were  operated  at  a  speed  of  approximately 
64  frames/sec.  The  table  below  indicates  the  positions  photographed: 


Position 

Target 

Shot  No. 

No.  of  Cameras 

3.21m 

vehicles 

9 

1 

3.21k 

vehicles 

9 

2 

3.21i 

vehicles 

9 

2 

3.21e 

vehicles 

9 

2 

3.21k 

vehicles 

10 

2 

3.21af 

vehicles 

10 

2 

3.21y 

37  BBS  guns 

10 

2 
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(Cont'd) 

Position 

Target 

Shot  No. 

No.  of  Cameras 

3.21i 

vehicles 

10 

2 

3.21e 

vehicles 

10 

2 

All  Itema  except  position  3.21e  were  on  stabilised  areas. 

Still  photographs  vere  taken  of  the  items  before  and  after  each 
shot.  Since  many  of  the  items  were  of  identical  condition  prior  to 
shot  time,  still  pictures  were  taken  of  the  most  representative  items 
before  each  shot.  After  each  shot  as  many  pictures  were  taken  of  the 
items  as  was  practical. 

All  photography  %AS  provided  by  Program  9. 


TABI£  3.1  Shot  9  Field  Uiyout 


Position 


3.21a 

1195 

3.21b 

1320 

3.21c 

U80 

3.21d 

1640 

3.21e 

1640 

3.21f 

1740 

3.21g 

1830 

3.21h 

875 

3.21i 

2480 

3.21j 

2860 

3.21ia 

3060 

3.21ib 

3930 

3.21k 

4360 

3.211 

5590 

3.21m 

6550 

Mea  stared 

1/4  Ton  Truck 

No/ 

2-1/2  Ton 

No/ 

Over¬ 

pressure 

(pai) 

Pos 

Truck 

Bos 

1-FO  1-RO  2 

1-FO  1 

1-SO  1-BO  2 

1-SO  1-RO  2 

1-80  1-FO  2 

1-SO  1-RO  2 

1-SO  1-FO  2 

1-RO  1-FO  2 

1-SO  1-RO  2 

1-^  1-FO  2 

1-FO  1-RO  2 

1-SO  1-FO  2 

1-SO  1-FO  2 

1-SO  1-FO  2 

Total  27 


1-RO 

1-SO  1-FO 
1-SO  1-RO 
1-SO  1-FO 
1-SO  1-FO 
1-SO  1-80 

1- SO  1-RO 

2- FO 

1-SO  1-RO 
1-SO  1-FO 

1-flO  1-FO 
1-SO  1-FO 
1-SO  1-FO 
1-SO  l-FO 
Total 
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TABLE  3.1  Shot  9  Field  Layout  (Cont'd) 


Position 

Dist  (ft) 
Correoted 
to  Actual 
GZ 

Measured 

Over¬ 

pressure 

(psi) 

90  mm  AA  Gun 

No/ 

Pos. 

2-1/2  Ton  Truck 

3.21  f 

1500 

15.4 

1-PO 

B 

■ 

3.21  1 

5200 

6.8 

1-PO 

B 

Total 

2 

■ 

TABLE  3.2  Shot  10  Field  Layout 


Position 

OLst  (ft) 
Correoted 
to  Actual  0 
GZ 

Actual 

Measured 

nrerpresBure 

(pal) 

Item 

1/4  Ton  Truck 

2-3/2  Ton  Truck 

3.21  d 

995 

*58.0  ** 

L>F0  1-RO 

1-ro  1-RO 

3.21  e 

1130 

39.0 

1-FO  1-SO 

1-FO  1-SO 

3.a  ad 

1600 

12.5  17.2 

1-SO 

1-SO 

3.21  i 

1920 

9.0  11.5 

1-SO 

1-SO 

3.21  af 

2415 

8.4  10.3 

1-80 

1-SO 

3.21  ag 

2770 

7.6  7.0 

1-SO 

1-SO 

3.21  k 

4380 

4.0 

L-SO 

1-SO 

3.21  t 

900 

78.0  97.5 

1-FO  1-no 

1-FO  1-RO 

Total 

11 

11 
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TABLE  3.2  Shot  10  Field  Layout  (Cont'd) 


1 

Dist. 

(ft) 

Cor¬ 

rected 

to 

Actual 

GZ 

Actual 

Measvired 

Overpressure 

(pal) 

57  nan  Gun  AT 
(M2) 

105 

OBU 

How. 

(M3) 

90 

nm 

AA 

Gun 

(Ml) 

Tanks 

(M4A3, 

(M24) 

3.21  n 

380 

*>300  »* 

1-PO 

3.21  0 

570 

200 

1-PO  1-SO 

3.21  p 

645 

160 

2-PO 

3.21  q 

715 

130  112 

1-PO  1-SO  1-RO 

1-RO 

1-PO 

1-FO 

3.21  r 

850 

90 

1-PO  1-SO  1-RD 

1-RO 

3.21  t 

900 

78  97.5 

1-PO  1-SO  1-HD 

1-RO 

3.21  u 

1045 

51  60.0 

1-FO  1-SO  1-RO 

1-FO  1-SO 

3.21  V 

1100 

43  36.8 

1-PO  2-SO  2-RO 

1-RO 

3.21  w 

1265 

27  26.0 

1-PO  1-SO  1-RO 

1-RO 

3.21  X 

1415 

18  25.2 

1-PO  1-SO  1-RO 

1-SO 

3.21  y 

2140 

8.6  10.5 

1-SO  1-RO 

3.21  z 

3000 

7.2 

1-PO 

Totals 

27 

11 

_ 

2 

7 

*  Main  blast  line 
»«  brL  neehanioal  gages 
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TABLE  3.3  Instrumentation  (Shot  9) 


Over- 

Vehicle 

Type 

Range 

ERA  Range 

pressure 

(pal) 

Orientation 

Gage 

h-v  (g's) 

5.0 

TSO 

RG 

i  60®/8ec 

2-1 

JSO 

RG 

^  lOOo/seo 

2-1 

JPO 

2.5-1 

TPO 

1.5-1 

7.2 

TSO 

RG 

t  lOOo/see 

2.5-1 

RG 

t  200o/8ee 

TPO 

UoA 

5g 

2-1 

JPO 

WeA 

(>-2 

JSO 

RG 

^  3000/860 

5-2 

9.2 

TSO 

RG 

t  20OO/sec 

6-1 

RG 

t  SOOo/sec 

WeA 

RG 

i  500^»ee 

10-6 

RG 

t  lOOOO/seo 

WoA 

log 

JPO 

VoA 

lOg 

10-3 

UoA 

25g 

TPO 

WoA 

H 

2-1 

WeA 

lOg 

u.o 

TSO 

RG 

t  $000/860 

10-2 

TPO 

WoA 

lOg 

5-2 

J  D 

WoA 

20-6 

JSO 

RG 

1  1500O/86C 

20-10 

20.0 

TSO 

RG 

t  1000O/B6O 

30-10 

TPO 

WoA 

15g 

10-5 

JPO 

WeA 

30g 

30-10 

JSO 

RG 

t  15000/860 

50-10 

73 

SECRET -RESTRICTED  DATA 


TABLE  3.4  InatruBBOtatlon  (Shot  10) 


Peak 

Vehicle 

Range 

Over- 

Orientation 

Gs^ 

ERA  Range 

pressure 

h-T  (g's) 

(psi) 

7.2 

TSO 

RG 

t 

100®/««c 

2-1 

Wei 

RG 

t 

200o7««e 

2-1 

9.2 

TSO 

RG 

1 

200O/Aae 

2.5-1 

UoA 

JSO 

RG 

+ 

3000/sm 

5-2 

VoA 

3g 

14.0 

TSO 

RG 

♦ 

300®/soo 

6-1 

WoA 

JSO 

RG 

7000/000 

lG-3 

VoA 

8g 

20.0 

TSO 

RG 

+ 

500o/seo 

lG-2 

JSO 

WoA 

RG 

♦ 

lOOO^soo 

2G-6 

VoA 

l$g 

74 

SECRET- RESTRICTED  DATA 


75 

SECRET -RESTRICTED  DATA 


Fig.  3.1  Field  Layout  of  Vehicles  for  Shot  9 
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Fig.  3.2  Field  Layout  of  Vehicles  for  Shot  10  (iz«a  kfest  of  C.  ' 
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77 

SECRET- RESTRICTED  DATA 


Fig.  3.3  Field  Layout  of  Ordnance  Materiel  For  Shot  10  (Area  South  of  GZ) 


CHAPTER  4 


RESULTS  AND  OBSERVATIONS 


4.1  EVALUATION  AND  RECOVERY  -  SHOT  9 

The  second  day  following  the  atomic  blast,  a  complement  of  seven 
men  with  one  5  ton  wrecker  (14-62)  went  into  the  area  to  evaluate  and 
recover  54  vehicles  and  two  90  mm  AA  guns.  Generally,  the  5  ton 
wrecker  was  used  to  upright  all  vehicles  that  were  overturned.  In  the 
case  of  the  l/4  ton  trucks  turned  on  the  side  four  men  put  the  trucks 
back  in  an  upright  position. 

It  took  approximately  65  man-hours  to  recover  and  evaliate  the 
vehicles.  It  is  believed  that  if  recovery  took  place  after  the  shot, 
as  soon  as  practical,  this  time  could  be  decreased  by  several  man- 
hoxirs.  Additional  time  was  required  to  release  the  hydrostatic  engine 
lock  developed  by  the  overturned  trucks.  While  a  truck  was  on  its  back, 
oil  flowed  between  the  piston  and  the  cylinder  head  preventing  piston 
motion.  Spark  plugs  were  removed  and  the  engine  cranked  in  order  to 
release  the  hydrostatic  lock. 

Two  teams,  composed  of  qualified  personnel,  were  organized  to  eval- 
\iate  and  record  the  damage.  A  quick  inspection  was  conducted  to  deter¬ 
mine  whether  or  not  vehicles  were  combat  usable.  Upon  ascertaining 
the  extent  of  damage  affecting  the  combat  use  of  a  vehicle  an  attempt 
was  made  to  have  a  realistic  repedr  and  repair  time,  by  actually  per¬ 
forming  the  work  required  to  restore  vehicle  to  combat  use  and  record¬ 
ing  the  time  taken. 

Out  of  54  vehicles  exposed,  15  were  immediately  combat  usable. 
Thirty-eight  vehicles  required  repair  time  ranging  from  l/2  to  2  nan- 
hours  of  organizational  maintenance  to  restore  to  combat  use.  Only 
one  txnick  required  depot  maintenance  and  this  was  apparently  due  to  a 
secondary  effect.  A  tire  was  ignited  and  the  sustained  fire  spread 
to  the  electrical  system. 

Each  vehicle  (combat  usable)  was  driven  approximately  17  miles  to 
a  parking  lot  where  a  thorough  evaluation  was  conducted  to  determine 
the  man-hours  needed  to  restore  the  vehicle  to  original  condition. 

In  Appendix  C,  Table  C.l  presents  a  copy  of  the  cover  sheet  for  on-the- 
spot  evaluation  and  Table  C.2  illustrates  the  procedtjre  for  thorough 
evaluation  of  damage.  It  is  to  be  understood  that  the  time  for  repair 
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in  above  tables  is  based  on  imnediate  availability  of  parts  and  tools 
as  well  as  skilled  mechanics  performing  the  work.  The  resxilts  of 
Shot  9  are  tabvOated  in  Appendix  C,  Table  C.3.  The  distences  have  been 
corrected  to  actual  ground  zero. 

4.2  EVALUATION  Ai\’D  RECOVERY  -  SHOT  10 

The  same  procedure  described  in  section  4.1  was  followed  for 
evalv^tion  and  recovery  of  vehicles  in  Shot  10.  Six  out  of  22  vehicles 
exposed  were  in  good  enough  condition  that  recovery  was  possible.  The 
rest  of  the  vehicles  were  campletely  demolished. 

While  on-the—spot  checks  were  suitable  to  determine  the  combat 
usability  of  vehicles,  it  was  necessary  that  a  thorough  evaluation  be 
conducted  to  determine  the  combat  use  of  guns,  since  the  various  coop- 
ponents  of  the  gun  form  an  integral  whole  for  reliable  and  accurate 
operation. 

It  was  the  policy  to  indicate  the  lowest  echelon  of  maintenance 
required  to  restore  damaged  items  to  combat  use.  This  posed  a  special 
problem  in  the  case  of  3?  on  guns.  According  to  the  echelon  of  main¬ 
tenance  established  for  guns,  very  little  repair  work  is  done  by  the 
using  unit.  In  general,  laost  of  the  maintenance  to  repair  or  restore 
damaged  components  is  by  Field  Ordnance  Units.  Therefore,  regardless 
of  the  damage  to  guns,  the  echelon  of  maintenance  assigned  in  the 
majority  of  the  cases  was  field.  This  somewhat  introduces  discrepancies 
in  generalizing  damage  to  categories  of  light,  moderate,  and  severe. 

To  circumvent  this  discrepancy,  it  was  decided  to  assign  the  additional 
classification  of  salvage  whereby  the  gun  could  be  restored  to  combat 
use,  but  it  wotild  not  be  economical  to  do  so.  This  mode  of  classifi¬ 
cation  wherever  applicable  is  shown  in  the  tabulated  results  of  Shot 
10,  Appendix  C,  Table  C.li. 

nie  distances  of  each  position  shown  in  the  above  table  have  been 
corrected  to  the  actual  ground  zero.  The  outline  for  evaluating  damage 
to  guns  is  shown  in  Table  C.5  end  the  evaluation  of  damage  for  tanka  is 
shown  in  Table  C.6. 

U.3  DAMAGE  OCMMENTS  -  SHOT  30 

In  the  words  of  the  Test  Director,  Dr.  £.  B.  Doll,  "The  damage 
effects  of  Shot  10  were  spectacular,  both  in  magnitude  and  character, 
even  to  a  casual  or  untrained  observer."  Some  comments  regarding 
these  spectacular  effects  of  Shot  10  seem  appropriate  in  order  to  give 
to  the  reader  an  idea  of  the  damage  resulting  from  this  atomic 
detonation. 

The  test  equipment  consisted  of  trucks,  tanks,  and  artillery.  As 
might  be  expected  in  field  conditions  only  the  latter  was  entrenched. 
Despite  a  high  degree  of  dispersion  and  a  hasty  field  fortifications 
virtually  all  of  the  equipment  was  unusable. 

Practici'’ly  nothing  was  left  intact  of  the  trucks  out  to  a  radius 
of  2000  ft  from  ground  zero.  Beyond  this  point  trucks  were  picked  up 
and  hurled  through  the  air  from  10  to  30  ft.  It  is  impossible  to  say 
how  far  trucks  placed  within  the  2000  ft  radius  were  moved,  since  they 
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were  tom  into  pieces  and  scattered  up  to  distances  of  20CX3  ft  from 
their  original  position. 

The  chassis  of  one  truck  was  thrown  600  ft  through  the  air. 
smashing  a  hole  in  a  U  in.  reinforced  concrete  roof  of  a  test  structure. 
Generally,  engines  were  ripped  from  the  frames,  the  chassis  bent  and 
twisted,  and  in  some  cases  the  armature  was  tom  from  inside  the  gen¬ 
erator  case. 

Despite  their  greater  strength  the  tanks  suffered  equally,  as 
they  were  in  general  closer  to  the  point  of  detonation.  One  MUA3  tank 
weighing  30  tons  was  thrown  back  120  ft  and  the  turrent  was  ripped  off 
and  found  lying  an  additional  120  ft  further  back.  A  lighter  tank 
(M2U)  was  moved  1U8  ft  and  stripped  of  its  turrent,  threads,  and  road 
wheels.  At  a  lower  pressure  region  an  18  ton  self-propelled  howitzer 
(M7)  was  tossed  170  ft  through  the  air  and  slid  80  ft  more  after 
landing. 

The  artillei7  which  consisted  of  57  mm  guns  and  105  mm  howitzers 
were  vlirtually  all  knocked  out.  Some  guns  were  thrown  about  200  ft 
and  usually  suffered  extreme  damage.  Tubes  and  trails  were  ripped  off 
carriages,  wheels  were  sheared  cleanly  off  their  axles,  and  in  at  least 
one  ease  the  recoil  mechanism  was  blown  completely  away  from  the  tube 
and  carriage. 

This  does  not  tell  the  whole  story  of  the  damage  oecuring  as  a 
result  of  this  atomic  blast.  It  must  be  kept  in  mind  that  these  iteaw 
were  dispersed  throughout  the  area  for  test  purposes  so  it  can  only  be 
imagined  what  havoc  and  chaos  would  be  created  if  items  were  sure  con¬ 
centrated  in  one  region  such  as  depots,  railroad  marshalling  yards,  etc. 
Without  a  doubt,  secondary  damage  effects  would  be  as  great.  Such 
secondary  effects  as  flying  debris  striking  other  items  were  not  opera¬ 
tive  in  this  test. 

U.U  DISnACEMEWTB 


4.4.1  Displacements  on  Shot  9 

The  final  position  of  all  vehicles  exposed  on  Shot  9  was  recorded 
by  trlangulation  measurements  fraa  the  stakes  marking  the  preshot  posi¬ 
tion  of  the  vehicles.  The  displacements  of  the  center  of  gravity 
(regardless  of  the  final  orientation)  was  detenlned  Sroa  the  laeasure- 
ments  and  the  results  are  presented  in  Tables  4.1  &Qd  4.2.  The  acomracy 
of  the  displacements  listed  is  1  5  per  cent,  nie  various  sorurces  of 
the  pressure  data  quoted  in  Tables  4.1  and  4.2  are  disotissed  in  sections 

5.1  and  5«2  of  this  report. 

In  general  the  motion  of  the  vehicles  was  directed  approximately 
radially  out  from  actual  ground  zero.  The  deviation  from  Intended 
orientation  listed  in  Tables  4.1  and  4.2  rou^ly  indicates  the  change 
in  the  direction  of  motion  from  that  anticipated. 

The  final  angular  displacement  of  the  vehicles  was  observed  and 
recorded.  The  figures  listed  in  Tables  4.1  and  4.2  represent  the  nm^ 
ber  of  degrees  rotation  about  the  longitudinal  axis  of  the  vehicle 
required  to  produce  the  final  angular  orientation  with  respect  to  this 
axis.  If  the  vehicle  turned  on  its  side,  then  90  degrees  is  listed,  if 
the  vehicle  made  one  conqslete  revolution  returning  to  an  upright  position, 
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360  degrees  is  listed.  The  figure  does  not  represent  the  maximum 
angular  displacement,  since  a  vehicle  found  on  its  side  may  have  tiarned 
almost  on  its  back  before  falling  to  rest  fimlly  on  its  side.  The 
same  uncertainty  prevailed  for  other  orientations. 

The  90  mm  AA  guns  exposed  on  Shot  9  in  hasty  field  emplacements 
exhibited  no  displacement  whatever. 

4.4.2  Displacements  on  Shot  10 

The  majority  of  the  vehicles  exposed  on  Shot  10  were  dismembered 
to  the  extent  that  a  displacement  measurement  was  not  feasible.  These 
vehicles  are  denoted  by  dem.  (demolished)  in  Tables  4.3  a^nd  4«4*  At 
position  3.21i  the  frames  of  the  vehicles  remained  roughly  intact  and 
their  displacement  is  listed.  The  majority  of  the  vehicle  parts, 
representing  a  large  part  of  the  total  weight,  were  scattered  over  a 
wide  area.  At  those  positions  at  a  greater  distance  from  ground  zero 
than  3.211  the  vehicles  remained  intact  and  their  displacements  were 
determined  by  reference  to  stakes  in  the  same  manner  as  for  Shot  9* 

The  accuracy  of  the  figures  given  for  displacements  is  ±  5  per  cent. 

The  soiirce  of  pressure  noted  in  Tables  4«3  and  4.4  is  given  in  sections 
5.1  and  5.2. 

At  position  3.21af  a  clear  imprint  of  the  side  and  wheels  of  the 
2-1/2  ton  truck  were  found  in  the  stabilized  surface  about  36  ft  from 
the  original  position.  No  other  marks  were  evident  closer  to  the 
original  position.  Apparently  the  truck  rotated  270  degrees  with  little 
or  no  contact  with  the  ground,  landed  squarely  on  the  side  which  origi¬ 
nally  faced  ground  zero,  then  continued  its  turn  to  come  to  rest  on  its 
back. 

After  Shot  10  the  gun  emplacements  were  found  to  be  partially 
filled  in  with  dirt  so  that  all  the  referenoe  stakes  were  completely 
covered  (except  for  3.21y,  a  stabilized  area).  The  original  position 
of  the  center  of  gravity  was  estimated  Trom  the  configuration  of  the 
emplacement  and  the  distance  from  this  point  to  the  center  of  the  gun 
remains  was  recorded.  The  error  for  the  values  in  Table  4.5  is  1  15 
per  cent  for  displacements  of  10  ft  or  less,  decreasing  to  ±  7  per  cent 
for  dlsplaoements  greater  than  150  ft.  Where  the  tube  and  gun  oarriage 
were  separated  and  could  be  identified  the  displaoements  of  each  are 
recorded.  The  displacements  of  those  guns  exposed  in  rear^n  position 
were  found  to  exceed  those  of  face-on  or  side-on  orientations,  and  the 
displaoements  for  the  faoe-on  orientation  were  generally  less  than 
those  for  the  other  orientations. 

The  displaoements  of  the  105  mm  howitzers  on  Shot  10  are  contained 
in  Table  4.6.  The  same  oonditions  prevailed  for  displaoement  measure¬ 
ments  as  for  the  57  mn  gxms.  The  values  are  considered  aoourate  to  * 

7  per  cent.  These  guns  vere  all  emplaced  rear-on. 

The  tank  displacements  were  recorded  in  the  same  manner  as  the 
displacements  of  the  vehicles.  The  marker  stakes  were  not  burled,  and 
the  values  in  Table  4.7  are  considered  accurate  to  1  5  per  cent.  Those 
tanks  that  overturned  are  noted  in  the  table.  It  is  not  certain 
whether  the  M^7  self-propelled  howitzer  at  position  3.21x  rolled. 
Although  the  howitzer  was  found  upright  and  reasonably  intact,  it 
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traversed  a  oonsiderable  distance  f]:aai  Its  original  slde-on  position, 
and  It  seems  quite  possible  that  overtvirning  did  occur  during  movement. 
The  90  mm  M  guns  exposed  on  Shot  10  were  not  dlsoernlbly  displaced. 

4.5  mSTRUMEMTATION  AND  PHDTOGRAPIg 


4«5.1  Instrumentation 

Because  of  initiation  failure  one-half  of  the  self-recording  ERA 
aooeleroDeter  channels  were  lost  on  Shot  9  and  Shot  10.  Of  the  20 
channels  that  initiated  on  Shot  9,  15  channels  were  usable.  Six  out  of 
the  eight  channels  that  initiated  on  Shot  10  were  usable. 

Twenty-five  channels  were  esq>loyed  on  Shot  9  to  record  the  out¬ 
put  of  the  Ulaneko  aoeeler<»Beters  and  Gianninl  rate  gyros  that  were 
attached  to  the  vehicles.  Four  channels  were  not  usable  because  of 
electrical  failure  cf  undetermined  origin.  The  rate  gyros  apparently 
recorded  satisfactorily.  The  accelerometer  records,  however,  contain 
a  considerable  amount  of  high  f^quenoy  oscillations.  Electrical  or 
graphical  filtering  may  be  required  to  obtain  the  proper  data  from  some 
of  the  records.  The  gage  ranges  selected  were  satisfactory.  The  free 
cable  that  was  burled  \mder  a  few  inches  of  sand  under  the  vehicles 
apparently  pulled  out  of  the  ground  and  followed  the  movement  of  the 
vehicles  satlsfaetorily. 

Sixteen  channels  were  eaqployed  on  Shot  10  to  record  the  output 
of  the  accelerometers  aiul  rate  gyros.  Five  of  the  channels  indicated 
electrical  failxnre  as  soon  as  the  shock  wave  arrived.  It  seems  pos¬ 
sible  that  at  the  closer  statioiui  some  cables  broke  imeediately.  The 
aooelercsBeter  records  are  characterized  by  an  extreme  amount  of  high 
fkmquenoy  oseiUations  vp  to  the  time  of  oable  break.  The  rate  gyro 
gage  ranges,  although  satisfactory  for  similar  pressures  on  Shot  9, 
were  evidently  oonsiderably  lower  than  required  to  record  the  extent 
of  the  phenomena  on  Shot  lb.  At  position  3.21af,  for  example,  the 
output  trm  the  rate  gyro  on  the  1/4  ton  truck  rose  to  its  peak  range 
of  300  degrees/seo  in  0.2  sec  and  remained  off  scale  until  the  connect¬ 
ing  cable  was  broken  when  the  vehicle  moveswnt  exceeded  the  length  of 
available  Ares  cable.  The  output  f^om  the  rate  gyro  attached  to  the 
2-1/2  ton  truck  at  the  same  position  rose  to  its  peak  range  of  200 
degrees/seo  in  0.1  sec  and  remained  off  scale  until  the  connecting 
oable  brtdce. 

The  analysis  of  the  records  is  in  progress.  For  further  infor¬ 
mation  on  the  gages  used  axxi  typical  records  refer  to  the  report  of 
Project  3.28.1,  which  provided  the  instnmientation  for  this  project. 

4.5*2  Photography 

The  objective  of  the  technical  photograi^iy  requested  was  to 
obtain  a  quantitative  description  of  the  motion  of  the  vehicles  exposed 
and  general  environmental  ixiformatlon  during  exposure.  The  siiooess  of 
the  photography  was  restricted  by  the  action  of  dust,  even  on  stabilised 
areas. 

On  Shot  9  photographs  were  made  of  stations  with  two  cameras 
each  at  positions  3 •21m,  3*21k,  3*21i,  and  3*21e.  The  ground  at 
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position  3.21m  ms  stabilised  over  about  2/3  of  the  length  of  are 
constituting  the  position,  at  position  3.21k  the  stabilisation  extended 
over  l/3  the  position  are,  at  position  3.211  the  stabilisation  covered 
1/2  ^he  position  arc,  and  at  position  3.21e  there  was  no  stabilisation 
at  all. 

Stations  at  all  positions  apparently  operated  proper ]y,  and  the 
amount  of  useful  information  recorded  was  detexsiined  ly  the  degree 
that  visibility  ms  affected  by  dust.  Visibility  ms  reduced  least  at 
position  3.21m,  where  some  part  of  the  nearest  vehicle  was  visible  at 
all  times.  At  3.21k  visibility  ms  more  affected,  but  parts  of  the 
nearest  vehicle  were  visible  for  the  majority  of  the  tiiw.  At  position 
3.211  and  position  3.21e  the  obscuration  ms  sufficient  to  prevent  the 
derivation  of  any  dlsplaoemenb-time  inforsiation  Aram  the  films. 

On  Shot  10  i^otographs  were  made  by  stations  of  two  oameras 
each  at  positions  3.21k,  3.2Iaf,  3.211,  3.21e,  and  3.21y.  Positions 
3.21af  and  3.21y  were  stabilised  over  the  full  position  are.  The  oaasra 
station  at  position  3.21e  ms  destroyed  and  the  films  lost.  The  camera 
tower  at  position  3.211  ms  severely  bent,  but  the  films  were  recovered 
and  provide  views  of  the  position  tqp  to  the  time  of  shook  arrival.  At 
position  3.21af  the  oamera  tower  ms  bent  but  oameza  operation  ms  not 
Interrupted.  Sosm  parts  of  the  vehioles  were  visible  in  the  initial 
phases  of  the  me  tion  iasMdiately  after  the  shook  arrival.  At  position 
3.21y  the  oamerc.  tower  ms  bent  very  sll^tly,  but  the  oameras  oontinnsd 
to  operate.  Shook  arrival  at  the  target  items  ms  reoordod  but  ob¬ 
scuration  ooeurred  as  the  shock  mve  reached  the  oamera.  At  position 
3.21k  the  oamera  station  ms  apparently  tnaf footed,  and  parts  of  the 
nearest  vehiole  were  in  view  for  about  half  the  positive  phase. 

The  dust  quantity  and  rate  of  rise  prior  to  shook  arrival  as 
indicated  in  the  films  seems  to  be  greater  for  Shot  9  than  for  Shot  10, 
which  is  ooosistent  with  the  faot  that  thermal  radiation  at  the  posi¬ 
tions  photographed  ms  higher  on  Shot  9.  Dost  level  rsmelneiT  below 
camera  level  during  most  of  the  positive  phase  on  bhot  9.  In  the  pre- 
oursor  region  on  Shot  10  reduction  in  visibility  ooeurred  as  soon  as 
the  shook  mve  arrived  at  the  oamera,  indicating  that  dust  extended 
well  above  the  oamera  levels. 

For  reading  purposes  the  films  were  projected  on  white  oard- 
board  perpendloular  to  the  axis  of  the  projeotor.  The  linaar  enlarge¬ 
ment  expertenoed  mo  about  3$  times.  The  positions  of  the  Barker  pdle 
and  vehioles  prior  to  dlsturbanoe  wore  traced  on  the  cardboard  screen. 
Then  in  suooessive  Itameo  when  it  was  desired  to  reoord  the  positions, 
the  screen  ms  adjusted  so  that  the  image  of  the  marker  pole  ms  super¬ 
imposed  on  the  drawing  of  the  image  Aram  the  original  frame.  The 
features  of  the  vehioleo  were  traced  using  various  oolnrs  to  provide 
neoessary  coding.  MMsuraments  of  the  movement  of  the  vehioles  then 
were  aade  from  these  drawings. 

The  angular  position  of  seleoted  parts  of  the  vehioleo  were 
measured  with  respect  to  the  original  portion.  This  angle  ms  read 
directly  Aram  the  drawing.  Readings  taken  trm  different  parts  of  the 
vehioles  and  Aram  different  films  of  the  same  subject  wore  plotted, 
and  it  ms  found  that  the  points  in  general  were  randomly  interspaced, 
indloating  that  the  error  in  making  the  traces  and  reading  the  angles 
overrides  errors  due  to  different  positioning  in  the  film  plane,  film 
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3.21  k  4360  7.4  1.40  11  9.6  1.4 
3.21  1  5590  5.4  0.77  8  0.9  0.5 
3.21  m  6550  4.4  0.49  7  0.6  0.0 
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1.6 
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9.3 

6.9 

10.7 

6.1 
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1.8 
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0.4 

0.0 

Displace¬ 

ment 

Side-on 

(ft) 

10.2 

16.2 

17.6 

19.0 

22.2 

18.0 

24.6 

16.9 

6.3 

0.5 

0.3 

Deviation 
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Intended 

rientation 

(Degrees) 

20 

24 

29 

25 

23 

28 

27 

26 

16 

U 

12 

11 
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«H 
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3  m 
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1.43 

1.55 

1.69 

1.80 

1.80 

1.85 

1.90 

2.13 
2.75 
1.73 
1.40 
0.77 

0.49 

Preset 

Side-on 

(psi) 

21.0 

17.8 

16.8 
15.6 

14.5 

U.5 

14.0 

33.4 

10.8 

10.6 

8.3 

7.4 

5.4 

4.4 

Cq 

875 

1190 

1320 

1480 

1640 

1640 

1740 

1830 

2480 

2860 

3930 

4360 

5590 

6550 

Position 

3.21  h 

3.21  a 
3.21  b 
3.21  c 

3.21  d 

3.21  e 

3.21  f 
3.21  g 

3.21  i 
3.a  i 
3.21  lb 
3.21  k 

3.21  1 
3.21  m 
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TABLE  4«5  BLsplaeement  of  57  na  Guns  on  Shot  10 


Position 

Range 

Pressure 

Displacement 

Displacement 

1b 

i 

1 

1 

(ft! 

Side-on 

(psi) 

I^namio 

(psi) 

Slde-on 

(ft) 

Face-on 

(ft) 

Rear-on 

(ft) 

3.21  p 

645 

160 

430 

50 

U 

3.21  q 

720 

130 

290 

Tube-62 

Carriage-15 

10 

Tube-115 

Carrlage-225 

3.21  r 

850 

90 

160 

16 

31 

150 

3.21  t 

900 

78 

126 

Tube-70 

Carriage-18 

52 

Tube-290 

Carriage-255 

3.21  u 

1045 

51 

73 

35 

48 

Tube-300 

3.21  V 

1100 

43 

60 

15 

2 

115 

3.21  w 

1265 

27 

36 

21 

3 

25 

3.21  X 

U15 

18 

23 

26 

17 

250 

3.21  y 

1240 

8.6 

4.9 

59 

55 

TABLE  4*6  DLaplacement  of  105  mn  Howltsers  on  Shot  10 


Position 

Range 

(ft) 

Pressure 

Displacement 

Reax^n 

(ft) 

Side-on 

(psi) 

Il^namic 

(psi) 

3.21  q 

720 

130 

290 

50 

3.21  r 

850 

90 

160 

U5 

3.21  t 

900 

78 

126 

180 

3.21  V 

noo 

43 

60 

210 

3.21  w 

1265 

27 

36 

U9 
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0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1.0 

TIME  (SEC) 

Fig.  U.l  Angular  i>isplacement  of  l/U  Ton  Tinick  on  Shot  9 
at  Position  3.21jn  (Derived  frcwi  Photographs) 


0  01  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1.0 


TIME  (SEC) 

Fig.  U.2  Angular  Displacement  of  2-1/2  Ton  Truck  on  Shot  9 
at  Position  3.21m  (Derived  from  Photographs) 
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ANGULAR  DISPLACEMENT  (DEGREES) 


0  0.1  0.2  0.9  0.4  0.5  0.6  0.7  0.8  0.9  1.0  l.l 


TIME  (SEC) 


Fig*  U»3  Angular  Displacenen't  of  l/U  Ton  Tmck  Side-on  on  Shot  9 
At  Position  3.21  K  (Derived  from  Photographs) 
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shrinktfige,  etc.  The  oorreotlon  necessary  for,  the  angle  of  tilt  of  the 
oamera  was  examined  and  the  oonoluslon  was  reached  that  the  oorreotlon 
involved  was  considerably  less  than  the  magnitude  of  the  reading 
errors. 

For  establishing  the  time  between  each  traoB  the  oamera  speed 
after  shock  arrival  was  assumed  to  be  the  same  as  before  shook  arrival. 
The  number  of  frames  between  that  frame  first  displaying  the  bomb  light 
and  the  frame  first  Indicating  shook  arrival  was  counted  and  oonpared 
with  the  arrival  times  as  established  Iqr  the  eleotrioal  recording  in^ 
struments.  There  was  an  uncertainty  equal  to  the  time  between  two 
frames,  thus  the  time  placement  of  the  curves  is  considered  accurate  to 
0.05  sec. 

The  curves  shown  in  Figs.  4.1  through  4.6  represent  angular  dis¬ 
placement  about  the  longitudinal  axis  of  the  vehicles  versus  time  as 
obtained  from  the  photographs.  The  curves  drawn  through  the  points  in 
the  figures  were  drawn  by  eye.  Sections  of  the  curve  filled  by  ^ 
dotted  curve  indicate  a  period  when  no  reading  could  be  made  when  dust 
completely  obscured  the  view  of  the  target.  The  error  range  with 
respect  to  the  curve  in  Fig.  4.1  ia  t.  2.0  degrees;  for  Fig.  4*2,  t.  2.0 
degrees;  for  Fig.  4.3,  t  5.0  degrees;  for  Fig.  4.4,  t  7.0  degrees;  and 
for  Fig.  4.5,  1  3.0  degrees.  In  general,  the  better  the  visibility  the 
lower  the  error  range.  The  error  range  was  not  estimated  for  Fig.  4.6. 
At  this  station  the  camera  tower  was  bent,  and  this  bending  nay  have 
been  occurring  at  the  times  for  which  the  points  were  plotted.  In 
addition,  visibility  ms  poor.  However,  the  points  should  provide  an 
indication  of  the  magnitude  of  the  effects  occurring  during  the  time 
indicated. 


0  0.1  0.2  as  0.4  0.5  0.6  0.7  0.6 

TIME  (SEC) 

Fig.  U.l;  Angular  Displacement  of  2-1/2  Ton  Truck  Side-on  on  Shot 
9  at  Position  3.21K  (Derived  from  Photographs) 
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Angular  Ditplacamant  (Oagrott)  Angolor  Oitplacamont  (Oegroat) 


Fig,  U.b  Angular  Displacement  of  Vehicles  Side-on  on  Shot  10 
at  Position  3»21K  (Derived  from  Photographs) 


0  0.1  0.2  0.3  0.4  0  0.1  0.2  03  0.4 

TIME  tSEC)  TIME  (SEC) 


Fig,  1*,6  Angular  Displacement  of  Vehicles  Side-on  on  Shot  10 
at  Position  3,21AF  (Derived  from  Photographs) 
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CHAPTfE  5 


DISCUSSION  CF  RESULTS 


5.1  GENERAL 

The  damage  to  vehicles  a3g>08ed  In  Shot  9  was  within  the  realm  of 
statistical  estimation  of  damage  and  agreed  to  a  fair  degree  of 
accuracy  with  predicted  effects  based  on  the  BRL  method.  In  Shot  10, 
the  damage  to  all  of  the  equipment  e:qpo8ed  as  a  function  of  measured 
overpressures  greatly  exceeded  the  predictions.  Items  in  side-on 
orientation  in  both  shots  were  more  vulnerable  to  blast  than  either 
face-on  or  rear-on  orientation. 

Although  many  of  the  vehicles  were  turned  over,  the  over-all 
damage  in  Shot  9  was  to  the  sheet  metal  eonq>onent8  of  the  vehicle  and 
considered  to  be  between  light  and  moderate.  The  vehicle  at  the 
closest  station  to  ground  zero  sustained  less  damage  than  those  further 
away. 

The  cause  for  the  extensive  damage  observed  on  Shot  10  of  UPSHOT- 
KNOTHGLE  appeared  to  be  due  to  the  occurrence  of  dynastic  pressures 
higher  than  expected  for  the  overpressures  sieasured.  The  Investigations 
thus  far  conducted  indicate  that  the  damage  observed  on  Shot  10  can  be 
attributed  to  dynamic  pressures  predicted  firom  the  so-oalled  ideal 
curve.  Ihls  ideal  overpressure-distance  curve  for  Shot  10  as  construc¬ 
ted  for  this  report  is  shown  in  Tig.  5.1.  This  curve  is  a  composite  of 
all  available  sources  of  data  (references  13,  14»  and  16).  The 
overpressure  distance  curves  as  measured  for  Shots  9  and  10  are  shown 
in  the  same  figure.  The  dynamic  pressures  measured  on  l^ot  10  reported 
by  F.  H.  Shelton  and  C.  D.  Broyles  of  Sandia  Corporation^  are  said  to 
be  no  higher  than  expected  for  ideal  shock  waves.  However,  after 
conducting  shock  tube  tests^L^  on  dust  laden  shock  waves  the  above 
report  (reference  17)  was  later  refuted  by  Sandia  Corporation.  The 
present  opinion  of  Sazidla  apparently  is  that  any  agreement  between 
ideal  and  measured  dynamic  pressures  on  UPSHOT-KNGTHOLE  10  is  merely  a 
coincidence.  The  dynamic  pressure  measured  on  Shot  11  agree  well  within 
limits  of  esqperimental  accuracy  with  the  dynamlo  pressure  predicted 
from  ideal  oixrve  (see  Simnary  Report  WT-7^).  This  value  is  approxi¬ 
mately  2.6  times  larger  than  the  dynastic  pressure  juredloted  from  the 
measured  overpressure. 
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A  oaloulation  made  by  C.  W.  Lunpson  on  the  organ  pipes  e]q>osed  in 
Shot  11  of  DPSHOI-KNOTHOLE  Indicated  that  the  dynamio  pressure  could  be 
higher  b7  b  factor  of  3.7  tisies  than  the  dynamic  pressure  conQnited  from 
the  measured  overpressure.  The  axialysis  employed  was  based  on  static 
loading  since  only  the  order  of  magnitude  of  the  drag  pressures  acting 
on  pipes  was  desired.  The  analysis  is  as  follows: 

-  drag  force  pw  unit  area  -  1/2 
Where:  1/2.  px?-  ■  Q  -  dynamic  pressure 
s  drag  coefficient 

Bending  moment  of  a  pipe  at  failure  is: 

^  S  Where:  ^  s  section  modulus  -  In^ 

S  s  maximum  fiber  stress,  yield  point  -  lb  in~^ 


S  s  31»000  pel  for  wrought  iron 
C  ^  ^  C^l  ~  Where:  d^  ■  outside  diameter  of  pipe 

d2  R  Inside  diameter  of  pipe 

For  3  In.  pipe:  d^^  ■  3.5  in. 

d2  ■  3.068  in. 

I  «  1.74  liP  and  Mq  :  54>000  ln.>lb 
For  3  in.  pipe:  s  2.375  in. 

d2  «  2.067  in. 

J  5  0.57  in?  =  17.680  in.-lb 

Bending  moment  of  pipe  due  to  drag  forces  is: 


s  1/2  Fd  di  l2 

»d 

For  3  in.  pipe,  10  ft  long:  L  ■  120  in. 


s  1/2  dj^  2 

Ik  *  25,200 

*d 


For  3  in.  pipe,  5  ft  long:  L  s  60  in. 
For  2  in.  pipe,  5  ft  long:  L  =  60  in. 


!k  ■  6300 

'd 

ik  =  4150 
^d 
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For  2  in.  pips,  3  ft  long:  L  s  36  in. 

'd 

s  1540 

If  B  Mq  then  ^  ^2 

Therefore:  for  3  in.  pipe,  10  ft  long  F^ 

> 

for  3  in.  pipe,  5  ft  long  F^ 

> 

^ = «•» 

for  2  in.  pipe,  5  ft  long  F^ 

> 

for  2  in.  pipe,  3  ft  long  F^ 

> 

But  the  3  in.  pipe,  10  ft  long,  was  bent  and 

the  2  in.  pipe,  5  ft  long,  was  bent  Henoe:  F^  >  4*25  psl 

The  3  in.  pipe,  5  ft  long,  was  not  bent  and 

2  in.  pipe,  3  ft  long,  was  not  bent  Henoe:  F^  <  8.56  psi 

If  «  0.5  M  it  is  spporaxiastslj  for  eiroulsr  oyliodsr 
Then  17.1  pal  >  Q  >  8.5  psl  whors  Q  s  l/2 


at  d  ■  3435  ft  horlsoatal  dlatanss,  looatloa  of  organ  pipos 
^8  B  9.5  psi  Bsasurod 
q  B  2.43  ooqnitsd 

Supposs  Q  B  9  psi 

Than  ^  s  s  3  >7  tlass  tbs  oonputsd  drag . 

Ths  drag  ooafflolont  usod  in  tbs  abova  oaloulationa  is  aora 
satisfbotozy  for  dust  tr—  air  than  for  dust  Isdsn  air,  in  idilob  oasa 
tbs  Tslua  of  drag  ooaffioiant  oould  apporaaob  unity.  In  using  tba  valua 
unity,  tba  dynaaio  prassura  Q  is: 

8.56  psi  >  Q  >  4>25  psi 

Tba  pradietad  ovarparassura  at  d  b  3435  ft  basad  on  tba  idaal  our?a 
soalad  to  tast  altituda  (PqB  11.91  psi)  is  14>65  psi.  lha  dynaale 
prassura  ooaputad  for  an  orarprassura  of  14.65  psi  is  5.5  psl  idilob  is 
vitbin  tba  ordar  of  aagnituda  of  tba  dynaaio  prassura  oaloulatad  abo?a. 

Tabulatad  bslov  is  a  ooaparison  of  asasurad  otarprassuras  and 
dynaaio  prassuras  ooaputad  ttm  actual  asasurad  ovarprassioras  of  Shot 
10  with  tbosa  of  tbs  so-oallsd  idaal  ounrs  at  oorra^rading  distaneas . 
Daaaga  is  also  indioatod  for  1/4  ton  trucks.  Tba  orarprassura  and 
dynaaio  prassura  of  tba  ideal  ourrs  bars  baan  oorraotad  to  an  atao^ 
I^aric  condition  of  12.80  psl  oorraspondlng  to  tba  tast  altituda. 
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Measured  P-D 

Ideal  P-D 

Damage 

bist 

(JUJ 

rve 

Cu] 

rve 

Echelon  of 

Item 

(Ft) 

^s 

mm 

Ps 

Pd 

Degree 

Maintenance 

1/4  ton  truck 

1600 

12.0 

3.65 

26.5 

14.8 

Severe 

Salvage 

1/4  ton  truck 

1920 

9.3 

2.15 

13.8 

3.3 

Severe 

Salvage 

1/4  ton  tinick 

2415 

8.5 

1.82 

11.7 

3.3 

Severe 

Depot 

1/4  ton  truck 

2770 

7.3 

1.62 

3.8 

1.97 

Light- 

Moderai 

Organ. 

^e 

-  —  - 

ft*ooi  the  above  table,  for  a  change  of  dynamic  pressure  of  0.33 
psl,  computed  from  measured  P-D  curve,  damage  varied  from  a  completely 
dismembered  vehicle  to  one  which  rmoained  intact .  For  this  large 
variation  of  damage  it  appears  that  the  change  in  dynamic  pressiure  is 
too  small  and  it  is  more  reasonable  that  a  change  of  dynamic  pressure 
of  5  psi  corresponding  to  the  ideal  curve  would  be  required  to  cause 
the  large  variation  of  effect. 

Ibe  measured  pressure-distance  curve  of  Shot  9  corresponds  favor¬ 
ably  with  pressures  of  an  ideal  curve  and  the  measured  pressure^lstance 
curve  of  Shot  10  Indicates  a  close  relationship  at  very  high  overpres¬ 
sures  and  at  pressures  less  than  S  psl  with  piressures  of  an  ideal  curve. 
The  measured  pressures  between  10  and  30  psl  of  Shot  10  are  less  by 
approximately  43  to  100  per  cent  than  the  pressures  of  the  ideal  curve. 
It  is  within  this  region  that  the  damage  as  a  function  of  the  measured 
pressures  exceed  the  expected  damage.  As  stated  previously,  the  re¬ 
sulting  damage  to  vehicles  on  Shot  9  was  predicted  to  a  fair  degree  of 
accuracy  using  the  BRL  method .  It  is  shown  in  section  5 .3  that  the  BRL 
method  predicted  the  lethal  radius  of  damage  to  vehicles  in  Shot  10  to 
a  fair  degree  of  accuracy  i^en  pressure  values  of  the  ideal  ciarve  are 
used .  A  direct  cos^iarison  of  damage  on  Shot  9  with  that  of  Shot  10  can 
only  be  made  at  pressures  (oorresponding  to  an  ideal  cxirve)  less  than 
10  psl  and  at  these  pressure  levels,  damage  to  vehicles  on  both  shots 
was  similar.  No  ocmparison  oan  be  mode  at  higher  pressure  levels  since 
on  Shot  9,  above  10.6  psl,  equlpaent  was  placed  in  the  regular  reflec¬ 
tion  region  and  the  resulting  force  causing  damage  within  this  region 
differs  tram  the  resulting  foroe  causing  damage  withl  the  maoh  region 
at  oorresponding  pressure  levels. 

Qie  foregoing  discussions  suggest,  therefore,  that  in  spite  of  the 
lowering  of  pressures  the  damage  was  equivalent  to  that  eaqpected  from 
dynamio  pressures  aoqpeoted  ftrom  overpressures  of  the  ideal  curve. 

5.2  SIATISnCAL  ESTIMATIOW  OF  DAMAGE 

Since  the  results  of  Shots  9  and  10  have  indicated  wide  discrep¬ 
ancies  in  damage  as  a  function  of  measured  overpressure,  a  resurvey  was 
made  of  all  eaq;>osure  tests  lAereby  damage  was  correlated  with  dynamic 
pressures.  The  survey  Included  the  equipment  eoqwsure  results  of  Shots 
9  and  10  as  %rell  as  those  of  the  Desert  Rock^^exposures. 

Accurate  values  of  the  dynamic  pressure  acting  on  each  target  were 
desirable  for  the  correlation  with  damage .  However,  the  values  derived 
for  each  target  oannot  be  considered  very  accurate  due  to  the  uncertain¬ 
ties  in  the  measured  dynamic  pressures  and  actual  flow  conditions.  For 
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most  shots  the  theoretical  limit  of  regular  reflection  was  assumed  in 
order  to  ascertain  whether  item  was  placed  in  the  regular  reflection 
region  or  the  Mach  region. 

Measurements  of  dynamic  pressure  on  Shot  9  indicated  no  major 
deviations  from  the  values  expected.  Therefore  in  the  Mach  region  of 
Shot  9  the  actual  measured  overpressures  were  used  to  calculate  the 
dynamic  pressures  (using  atmospheric  pressure  at  ground  level)  by  means 
of  the  following  relation: 

P.  .  (5.1) 

“  Ps  +  7  Po 

The  horizontal  component  of  dynamic  pressures  within  the  regular 
reflection  region  of  Shot  9  were  obtained  from  theoretical  calctilatlons 
available  at  BRL.  These  calculations  were  based  on  procedures  described 
in  references  20  and  21  for  the  treatment  of  the  reflection  of  plane 
shocks.  For  the  particular  height  of  burst  a  plane  wave  of  overpressure 
cozrespondlng  to  the  free  air  TNT  overpressure  curve  was  assumed  inci¬ 
dent  at  each  point  along  the  grou.xi  plane,  and  the  quantities  of  inter¬ 
est  were  calculated.  The  resulting  curve  for  dynamic  pressure  in  the 
regular  reflection  region  terminated  at  a  point  about  10  per  cent  higher 
than  the  dynamic  pressure  curve  computed  for  the  tfeich  region.  Since 
some  lowering  of  the  theoretical  values  from  imperfect  reflection  seemed 
reasonable,  the  complete  curve  in  the  regular  reflection  region  was 
lowered  10  per  cent  to  match  into  the  Mach  region  curve.  The  resulting 
curve  for  dynamic  pressure  is  shown  in  Fig.  5.2. 

Apparently  the  Match  stem  on  Shot  9  formed  early.  Hwever,  the 
exact  nature  of  the  flow  during  this  early  foxnatlon  period  seems  un¬ 
certain.  Figures  5.23  and  5.24  display  the  theoretical  dynamic  pressure 
on  Shot  9,  the  height  of  the  Mach  stem,  and  the  dl^lacements  for  the 
1/4  ton  truck  and  the  2  1/2  ton  truck  in  the  several  orientations 
plotted  versus  ground  range.  The  displacements  of  the  vehicles  general¬ 
ly  continue  to  increase  thro^agh  the  region  where  the  Mach  stem  is  eight 
feet  high,  and  then  level  off  and  decrease  to  low  values  as  ground  zero 
is  approached.  However,  at  a  Mach  stem  height  of  4  ft  where  the  dis¬ 
placements  reach  a  maximum,  the  displacements  are  considerably  less  than 
what  they  should  be  for  a  Mach  pressure  eqviivalent  to  that  overpressure 
experienced  at  that  range.  At  a  range  of  375  ft  and  a  computed  dynamic 
pressure  of  1.0  psl  the  displacements  were  essentially  equivalent  to 
those  obtained  at  about  1.0  psl  dynamic  pressure  in  the  Mach  region. 
Because  of  the  uncertainty  concerning  the  actual  flow  at  vehicle  level 
the  computed  curve  shown  in  Fig.  5.2  was  used  for  the  analysis,  provid¬ 
ing  a  consistent  use  of  ideal  or  near  ideal  curves  in  the  analysis. 

Since  the  applicability  of  the  theoretical  relations  concerning 
dynamic  pressure  to  Shot  10  was  questionable,  an  ideal  pressure-distance 
curve  was  constructed  as  Indicated  in  Section  5.1.  The  dynamic 
pressures  for  Shot  10  were  computed  from  this  curve  using  Equation  5.1, 
and  the  resulting  curve  is  shown  in  Fig.  5.2. 

The  values  of  peak  dynamic  pressures  were  obtained  from  Porzel's 
curves^ except  the  JANGLE  underground  shot,  for  which  the  curves  do  not 
apply,  and  for  TUMBLSl  Shot  3)  which  is  off  the  chart.  These  theoretical 
curves,  shown  in  Fig.  5.3,  were  considered  the  best  available  at  the 
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time  of  the  analysis.  The  2  psi  and  1.5  psl  iso-pressure  ciarves  were 
constructed  by  Sandla  Corporation  (reference  18) .  The  values  of  dynamic 
pressure  for  the  JANGLE  underground  shot  and  TUMBLER  Shot  3  were  calcu¬ 
lated  using  Equation  5.1  applied  to  the  overpressure  curves  of  each  of 
the  two  shots.  In  many  cases  there  was  considerable  uncertainty  as  to 
the  position  of  the  Desert  Rock  Targets,  which  Increased  the  possible 
errors  in  pressures  assigned. 

To  each  observation  of  damage  two  classifications  for  damage  were 
assigned.  That  Is,  (l)  damaged  items  were  classified  in  terms  of 
echelon  of  maintenance  and  time  to  restore  to  combat  use,  and  (2) 
damaged  items  were  classified  in  terms  of  light,  moderate,  and  severe 
damage  according  to  the  procedure  indicated  in  Section  2.2. 

In  the  statistical  analysis  of  the  data,  both  classifications  of 
damage  were  considered  as  a  function  of  dynamic  pressure.  In  addition, 
the  analysis  Incliided  organizational  maintenance  (6  hours  and  zero 
hours)  as  a  function  of  measured  overpressures.  The  res'Hts  of  the 
analysis  are  shown  in  Tables  5>1  and  5*2.  The  values  of  the  estimated 
parameters  of  the  noxmal  distribution  are  for  random  orientation.  It 
is  pointed  out  that  in  some  cases  the  nature  of  the  data  was  such  that 
the  estimates  for  standard  deviation  a  could  not  be  computed .  This 
issues  that  if  further  sampling  was  to  be  effected  for  these  cases, 
the  probability  of  damage  would  indicate  a  region  of  sharp  demarcation 
for  that  specific  category  of  damage. 

The  probability  of  damage  curves  for  light,  moderate,  and  severe 
damage  for  various  items  as  a  function  of  dynamic  pressure  are  shown  in 
Figs.  5«4>  5.5>  5 >6  and  5.7.  In  these  figures,  the  probability  for 
moderate  damage  was  obtained  from  the  following  relationship: 

P(r)  (M)  «  1  -  P(r)  (S)  -  P(r)  a) 

where: 

P(r)  (S)  s  Probability  for  severe  damage 

P(r)  (L)  s  ft'obability  for  light  damage 

In  Figs.  5 >3  and  5«4f  a  contradiction  might  seem  to  arise  from  the 
straight  line  drawn  indicating  the  zero  to  100  per  cent  probability  for 
light  damage.  However,  it  is  within  this  region  that  the  standard 
deviation  a  could  not  be  con^nited  and  if  more  saiiQ>les  were  available 
within  this  region  the  curve  for  damage  would  take  the  shape  of  a  steep 
rising  c\irve,  which  would  indicate  a  region  of  sharp  demarcation  between 
light  and  moderate  damase.  The  probability  curve  Fig.  5.3  is  for  all 
tanks  (light  and  medium)  considered  collectively.  In  the  observations 
of  results,  there  was  no  apparent  differences  in  damage  to  light  tanks 
or  mediUB  tanks. 

The  additional  cxores  of  Figs.  5 >3  through  5.12  Indicate  the  pro¬ 
portion  of  the  various  items  that  will  not  be  combat  usable  as  a  result 
of  organizational  maintenance  (6  hours  after  exposure)  and  iimediately 
after  eoqposxore  (zero  hours)  as  a  function  of  dynam.'  pressure.  Only 
those  CTS^s  were  plotted  where  the  standard  deviations  were  computed. 
The  proportion  of  items  that  will  not  be  combat  usable  as  a  function  of 
measured  overpressure  were  not  plotted.  This  analysis  was  conducted  for 
futio^  reference. 
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The  Height  of  Burst  iso-damage  cuzres  shown  in  Figs.  5-13, 

5 .15 >  and  5 >16  have  been  constructed  using  the  Information  obtained 
from  the  probability  of  light,  moderate,  and  severe  curves  and  Forsel's 
Height  of  Burst  curves  (Fig  5.3)  for  dynamic  pressure.  For  lack  of 
data,  each  of  the  Iso-damage  curves  was  extended  arbitrarily  to  the 
axis  of  the  Height  of  Burst  from  approximately  300  ft  horizontal 
distance.  In  these  curves,  the  value  ti  indicates  the  mean  value  of 
dynamic  pressure  for  light  and  severe  damage.  Care  must  be  taken  In 
the  interpretation  of  the  maximum  probability  for  moderate  dcunage  oiurve. 
The  maxlmimi  probability  for  moderate  damage  Is  the  peak  of  the  moderate 
curves  Indicated  in  Figs .  5 .4  through  5  *7 . 

It  is  pointed  out  again,  that  the  results  only  suggest  that  the 
significant  parameter  to  be  associated  with  damage  is  the  dynamic 
pressure  of  the  experimental  TNT  curve  or  the  ideal  curve. 

5.3  BRL  PREDICTION  METHOD  FOR  DAMAGE 

The  predicted  effects  of  Shot  9  compared  favorably  with  damage  to 
vehicles  in  side-on  orientation  but  did  not  c(iq>are  with  damage  to 
vehicles  in  face-on  orientation.  Nearly  all  of  the  vehicles  in  face-on 
orientation  were  Imnedlately  combat  usable.  The  tabulation  below 
presents  the  predicted  lethal  radius  and  distances  from  ground  zero 
where  damage  was  noted  to  be  moderate  and  light  to  vehicles  in  side-on 
orientation . 


Predicted  L.R. 

Dlst.  from  G.Z. 

Distance  from  G.Z 

for  Moderate 

Moderate  Damage 

for  Light  Damage 

Item 

or  60^  C.£.(ft) 

(ft) 

(ft) 

L/4  Ton  Truck 

2970 

2430 

3060 

2-1/2  Ton  Truck 

3230 

2430 

2860 

A  tabulation  is  also  made  of  the  results  of  Shot  10  and  compared 
with  the  predicted  effects  for  severe  damage  (10^  C.E.)  using  values 
from  Fig.  7  of  TM  23-200  as  well  as  the  predicted  effects  using  values 
from  an  ideal  curve  (TNI,  Pg  vs  D) .  These  include  side-on  orientation 
only. 


Item 

Predicted  L.R. 

Ideal  Curve 
Severe  Damage 
(ft) 

Dist  fi'om  G.Z. 
Severe  Damage 
(ft) 

01st  from  G.Z. 
Moderate  Damage 
(ft) 

1/4  Ton 

Truck 

1420 

1620 

1920 

2a5 

2-1/2  Ton 

Truck 

1430 

1690 

1920 

2a5 

1090 

1045 

U15 

Gun,  57  nm  810 

1 _ 

920 

1415 

2140 

The  results  of  Shot  10,  except  for  the  57  nm  guns  are  appraxlmate- 
ly  within  15  per  cent  of  the  predicted  effects  based  on  the  ideal  curve. 
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The  large  discrepancy  noted  between  the  predicted  effects  and  resulting 
damage  to  guns  Is  not  surprising  since  the  Information  about  this  par¬ 
ticular  tyi)e  of  equipment  from  prior  exposures  was  limited  to  a  greater 
extent  than  the  Information  about  vehicles  or  tanks. 

5.4  THE  ARF  PREDICTION  METHOD 

As  indicated  originally  the  development  of  the  ARF  method  for  pre¬ 
dicting  the  response  of  free  targets  was  based  on  the  assumption  that  a 
satisfactory  correlation  of  the  response  parameters  and  the  resulting 
damage  could  be  found.  At  this  time  the  statistical  correlation  of  the 
various  response  parameters  such  as  the  displacement  with  the  damage 
obtained  on  the  test  has  not  been  completed,  and  the  response  data  have 
been  only  partially  redxiced.  Therefore,  no  conclusive  statement  can  be 
made  at  this  time  concerning  the  basic  assumption  on  which  the  ARF 
method  was  based,  and  the  discussion  of  the  success  of  the  prediction 
of  the  response  parameters  must  be  limited.  It  is  anticipated  that  a 
satisfactory  correlation  of  some  parameter  will  be  realized. 

Since  the  predictions  obtained  application  of  the  ARF  method 
are  derived  from  the  predicted  pressure-time  curves,  the  success  of  the 
predictions  for  a  given  target  will  depend  upon  the  success  in  predict¬ 
ing  the  pressure-time  curve  for  that  target.  The  pressure-distance 
curve  predicted  and  the  pressure-distance  curve  measured  for  Shot  9 
with  respect  to  actual  ground  zero  are  the  same  within  the  limits  of 
error,  and  the  predicted  pressure-time  curve  for  the  measured  overpres¬ 
sure  at  a  given  target  was  used  for  comparison  of  the  data . 

The  comparison  of  the  angular  displacements  as  obtained  from 
photography  and  the  displacements  calculated  assuming  rotation  only  are 
shown  for  the  V4  ton  truck  in  Fig.  5 >17  and  for  the  2-1/2  ton  tinick  in 
Fig.  5  .18.  The  calculated  displacements  are  shown  by  the  dotted  curves, 
and  the  data  obtained  from  the  films  are  shown  by  the  heavy  lines.  The 
displacement  of  the  1/4  ton  truck  on  Shot  9  evidently  follows  the  pre¬ 
dicted  curves  closely.  However,  sliding  occurred  at  both  7.4  psi  and 

4.4  psl  on  Shot  9,  and  therefore  the  displacement  jneasured  should  be 
less  than  that  which  would  have  been  measured  if  no  sliding  had  occurred . 
The  vehicle  at  3.21k  on  Shot  10,  was  prevented  from  sliding  by  an 
obstruction  and  experienced  greater  displacement  at  4  >0  pd  than  was 
realized  at  4*4  psi  on  Shot  9.  Thus  the  ARF  method  as  applied  under¬ 
estimated  the  angular  displacement  of  the  1/4  ton  truck  that  would  have 
occurred  for  rotation  only. 

The  angular  displacements  shown  in  Fig.  5.13  for  the  2-1/2  ton 
truck  on  Shot  9  were  found  to  be  about  twice  as  great  as  the  values 
predicted  for  a  given  time.  In  addition,  sliding  occurred  at  both 
stations  photographed  on  Shot  9,  and  hence  for  rotation  only  the  actual 
displacement  recorded  should  have  been  larger.  The  curve  resulting  for 
the  2-1/2  ton  tznick  at  3.21k  on  Shot  10  is  not  extremely  different  £raa 
the  curve  for  4.4  psl  on  Shot  9,  although  the  oumre  for  Shot  9  should 
be  higher  than  that  for  Shot  10,  because  of  the  higher  pressure,  and 
the  longer  duration.  The  ARF  method  as  applied  underestimated  the 
angular  displacement  of  the  2-1/2  ton  truck  placed  side-on  on  Shot  9 
and  Shot  10  for  the  stations  photographed. 
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The  values  for  the  displacement  of  the  center  of  gravity  of  the 
1/4  ton  truck  face-on,  shown  in  Fig.  3.19,  are  scattered  about  the 
curve  calculated  for  a  coefficient  of  friction  of  1.0.  However,  the 
value  of  the  coefficient  of  friction  estimated  for  sliding  face-on 
based  on  tests  in  Nevada  and  at  the  Aberdeen  Proving  Ground  was  0.32. 
The  predicted  displacements  based  on  this  value,  then,  are  considerably 
higher  than  those  displacements  actually  obtain^.  The  face-on  orien¬ 
tations  in  the  range  listed  apparently  experienced  little  rotation,  and 
hence  the  conditions  for  which  the  calculations  were  made  should  have 
been  approached  closely.  The  curve  for  the  measured  displacements  is 
similar  to  those  calciilated  but  corresponds  to  an  Improper  value  for 
the  coefficient  of  friction. 

The  1/4  ton  trucks  and  2-1/2  ton  trucks  side-on  whose  displace¬ 
ments  are  shown  in  Fig.  5.20  and  Fig.  5.22  all  rotated  to  some  degree, 
and  hence  any  sliding  that  occurred  can  be  considered  less  than  that 
which  would  have  occurred  had  no  rotation  taken  place.  The  vehicles 
represented  the  three  upper  points  in  each  figure  overturned.  Since 
in  perfozmlng  such  large  angular  displacements  a  greater  area  was  ex¬ 
posed  to  the  air  flow,  the  displacements  resulting  may  be  still  further 
Increased  above  that  obtained  for  sliding  only.  Considering  the  in¬ 
creased  area  exposed  in  the  higher  displacements  and  the  variation  to 
be  ejqpected  in  p,  the  side-on  sliding  for  the  1/4  ton  truck  and  the 
2-1/2  ton  truck  agrees  fairly  well  with  that  predicted.  Percentage¬ 
wise  the  agreement  is  poor,  since  the  variation  in  the  total  displace¬ 
ment  with  the  coefficient  of  friction  is  large. 

The  displacements  of  the  center  of  gravity  of  the  2-1/2  ton  truck 
face-on  are  shown  in  Fig.  5.21.  These  displacements  apparently  occur¬ 
red  under  conditions  approaching  those  for  which  the  calculations  were 
made,  l.e.,  no  rotation.  The  points  lie  closest  to  the  curve  for 
p  s  0.25.  Since  the  appropriate  value  of  p  for  this  case  was  p  ■  0.4, 
the  prediction  calculations  underestimate  the  actual  displaceaient 
occurring. 

To  suDBHLrlset  For  Shot  9  the  vehicles  side-on  esqperienced 
angular  displaceaients  exceeding  at  a  given  time  those  calculated  by  the 
AHF  method  by  100  per  cent  or  more  at  those  stations  photographed . 

For  the  vehicles  side-on  on  Shot  9  the  linear  sliding  displace¬ 
ments  were  found  to  he  about  as  eiqpected  when  possible  variations  in  p 
and  the  increased  displacements  for  large  angular  displacements  were 
considered . 

For  the  vehicles  face-on  on  Shot  9  the  results  were  conflicting. 
The  calculations  for  the  1/4  ton  truck  overestimated  the  dlsplaceaunts 
resulting  and  the  calculations  for  the  2-1/2  ton  truck  underestimated 
the  displacements  resulting  ly  amounts  greater  than  would  be  eiqpeoted 
for  a  normal  variation  in  p. 

For  Shot  10  the  only  orientation  employed  for  which  data  were 
obtained  was  the  side-on.  The  dlsplaoHMnts  at  the  two  positions 
furthest  from  ground  zero  were  coiqiarable  to  those  obtained  on  Shot  9. 
At  all  stations  the  ang\ilar  displacements  were  in  excess  of  those  on 
Shot  9  and  hence  exceeded  the  calculated  values  even  more.  The  linear 
displacements  obtained  on  Shot  10  were  much  greater  than  any  obtained 
on  Shot  9. 
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Figures  5 *25  and  5 >26  present  the  displacements  of  the  centers  of 
gravity  of  the  1/4  ton  trtick  and  the  2-1/2  ton  truck  slde-on  on  Shot  9 
and  Shot  10  plott^  versus  overpressure.  The  calculated  displacements 
assumlzig  sliding  only  are  given  by  the  curves  for  various  assumed 
values  of  ti^e  coefficient  of  friction  |t.  The  decline  In  displacements 
on  Shot  9  for  pressure  occurring  In  the  regular  reflection  region  Is 
evident.  The  displacements  for  Shot  10  plotted  against  measured  over¬ 
pressure  depart  extremely  trcmi  the  calculated  cvirves.  However,  if  the 
displacements  are  plotted  at  those  pressure  levels  that  would  have 
occurred  at  each  station  In  the  absence  of  disturbing  effects  the 
results  cure  more  comparable  to  the  calculated  values  and  the  values 
obtained  In  the  Mach  region  on  Shot  9. 


TABLE  5.1  -*  Parameters  of  the  Normal  Distribution  for  Probability  of 
Light  and  Severe  Damage  as  a  Function  of  Dsmamlc  Pressure 


Item 

Damage 

Mean 

h 

Std.  Dev. 
a 

1/4  Ton  Tjruck 

Ught 

2.1 

0.64 

Severe 

3.63 

1.10 

2-1/2  Ton  Truck 

Light 

2.02 

0.98 

Severe 

6.75 

2.72 

Tanks 

Light 

10.8  </i<14 

No  overlap 

Severe 

50.2 

18.5 

57  mm  Gun 

Li^t 

4.9 

Trivial  overlap 

Severe 

23.4 

10.5 

TABLE  5.2  -  Parameters  of  the  Nbxnal  Distribution  for  Probability  of 
Chrganlzatlonal  Maintenance  (6  hours  cuid  0  hours)  as  a 
function  of  Overpressure  euid  Dynamic  Pressure 


Item 

Time 

(hrs) 

Mean 

H- 

Std.  Dev. 
a 

1/4  Ton  Truck 

Ps 

6 

19.5 

8  #4 

m 

0 

10.8 

7.2 

Pd 

6 

9.1 

4.85 

II 

0 

2.1 

1.7 

2-1/2  Ton  Truck 

Ps 

6 

22.8 

10.6 

If 

0 

10.2 

10.5 

Pd 

6 

2.75 <M<  3.20 

No  overlap 

n 

0 

1.7 

0.94 

Tanks 

Ps 

6 

42.4 

29.8 

n 

0 

14.7 

4.7 

Pd 

6 

29.9 

19.2 

n 

0 

9.41 

4.1 

57  mm  Gun 

Ps 

6 

16.8 

4.9 

It 

0 

13.0 

7.8 

6 

4.9</i<  18.5 

No  overlap 

n 

0 

2.0<m<  2.6 

No  overlap 
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PEAK  OVERPRESSURE  (PSD 


4  5  6  7  8  9  1000  2  3  4  5  6  7  8 

GROUND  RANGE (FT) 


Fig.  5.1  Grouxtd  OferprsAsur*  Groundl  Bangs  ror 

Shota  9  and  10  (is  Oboar?ad  and  Ideal  (httraa) 


103 

SECRET  -  RESTRICTED  DATA 


GROUND  RANGE  (FT) 


Fig.  5.2  Dynamic  Pressure  for  Shots  9  and  10  Calculated 
from  Ideal  Curves  and  as  Measured  Overpressures 
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Fig.  5.U  Probability  of  Damage  For  1/U  Ton  Trucks  vs 
Dynamic  Pressure 
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rig.  5.8  Probability  of  Danage  vs  Dynamic  Pressure  (l/U  Ton  Truck)  (6  Hours) 
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Fig.  5.10  Prob^ility  of  Damage  vs  I^amic  Pressure  2-1/2  Ton  Truck  (O  Hours) 
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Fig.  5.12  Probability  of  Damage  vs  dynamic  Pressure  (Tanks)  (O  Hours) 
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Fig*  5»19  Displacements  of  Center  of  Gravity  Fig*  5»20  Displacements  of  Center  of  Gravity 

of  l/U  Ton  Truck  Face-on  Compared  Of  l/U  Ton  Truck  Side-on  Compared 

To  Calculated  Sliding  Displacements  To  Calculated  Sliding  Displacements 

(Shot  9)  (Shot  9) 


ai)  INBMBOVIdSia  dV3Nin 
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Fig.  5.21  Displacements  of  Center  of  Gravity  of  Fig.  5.22  Displacements  of  Center  of  Gravity  of 

2-1/2  Ton  Trade  Face-on  Collared  2-1/2  Ton  Truck  Side-on  Compared 

To  Calculated  Sliding  Displacements  To  Calculated  Sliding  Displacements 

(Shot  9)  (Shot  9) 


(ld)33NVlSia 
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Fig.  5.23  Displacements  of  Center  of  Gravity  of  Trucks  Side-on  and  Rear-on  vs 
Ground  Range  for  Shot  9,  Dynamic  Pressure  vs  Ground  Range  for 
Shot  9»  and  Mach  Stem  Height  vs  Ground  Range  for  Shot  9 
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Fig.  5<2U  Displaeoients  of  Center  of  Gravity  of  Trucks  Face-on  and  Rear-on  vs 
Ground  Range  for  Shot  9»  Dynamic  Pressure  vs  Ground  Range  for 
Shot  9t  and  Mach  Stas  Height  vs  Ground  Range  for  Shot  9 


LINEAR  DISPLACEMENT  (FT) 


OVERPRESSURE  (LB/lf^) 


Pig,  5.25  Displacements  of  the  Center  of  Gravity  of  the  1/U 
Ton  Truck  on  Shot  9  and  Shot  10  vs  Overpressure 
and  Calculated  Sliding  Displacements  vs  Overpressure 
for  a  Mach  Wave 
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Wg.  5.26  Displacements  of  the  Center  of  OrsTlty  of  the  2-1/2 
Ton  Truck  on  Shot  9  and  Shot  10  ts  Orerpressore  and 
Calculated  Sliding  Displacements  va  Overpressure 
for  a  Mach  Ware 
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CH4PTIR  6 


COCLDSIOMS  Ag)  RECCMMENULTIGHS 


6.1  coicLasiaB 

The  genaral  ooMluaioiui  drawn  trm  Equlpnant  EipoBura  Tests  during 
UPSHOI-DICTHOLI  are  as  follows  t 

1.  The  two  lerels  of  burst  height  for  Shot  9  and  Shot  10  ware 
unique  in  that  they  prorided  a  oosqparison  of  danage  resulting  trcm 
overpressures  within  the  regular  reflection  region  with  that  dsjsage 
resulting  fron  ooxTespoodlng  overpressures  within  the  Maoh  region.  The 
results  indicate  that  danage  within  the  regular  reflection  region  will 
be  equivalent  to  or  less  than  the  danage  resulting  from  equal  overpres¬ 
sures  within  the  Maoh  regl(». 

2.  The  region  of  interest  for  danage  orlterla  is  the  Mu>h  region 
since  it  is  within  this  region  that  danage  to  equlpsMnt  will  be  naxL- 
nised. 

3.  In  nost  oases>  equlpnaot  exposed  in  side-on  orientation  are 
most  vulnerable  to  blasts  and  equipnont  in  flaoe-on  orientation  are  least 
vulnerable. 

4.  The  probability  ourves  obtained  froa  statistioal  analysis 
provides  a  orlterla  for  predieting  danage  only  to  the  type  of  squipaent 
tested.  If  neoessaryy  for  lack  of  other  Inforaationy  it  is  felt  that 
these  probablli^  ourves  oan  be  appUoable  to  other  equipnent  of  sinilar 
slse,  shape,  and  wel|^t. 

3 .  The  BBL  predlotion  nethod  was  partly  verified  and  partly  oon- 
txadicted.  The  Infosnation  gathered  fron  this  test  along  with  infona- 
tlon  from  previous  eq>osures  will  allow,  with  nodlfioatlons  of  the  SRL 
method,  predlotion  of  danage  not  only  to  the  type  of  equlpnent  tested 
in  Shots  9  and  10,  but  will  allow  extrapolation  to  other  ordnance  Itens 
as  well.  Modifloatiw  of  this  nethod  will  take  into  aooount  dynanio 
pressure,  orientatlc';  of  it«i  and  danage  in  tans  of  light,  nodsrate, 
and  severe. 

6.  The  oaloulations  onploying  the  ABF  predlotion  method  provided 
the  proper  order  of  nagnitude  for  the  results  obtained  on  Shot  9.  The 
dlsplaosnents  obtained  on  Shot  10  when  oonpared  with  those  predloted 
are  excessive  and  the  calculated  values  apply  reascmably  wall  only  when 
the  ideal  pressiares  are  assiaaed. 
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6.2  RECCI4M£mTiaNS 


The  Importance  of  dynamic  pressvires  as  related  to  drag  type  target 
has  been  established  in  these  tests .  Some  regions  of  uncertainties  do 
exist  regarding  the  values  of  measured  dynamic  pressures.  In  future 
atOBilo  tests  measurements  of  dynamic  pressures  and  drag  pressures  should 
be  made  along  with  side-on  pressures.  In  addition  1/4  ton  trucks  used 
as  response  gages  should  be  exposed  in  order  that  the  basic  blast 
measurements  can  be  correlated  with  the  actual  damage  sustained.  It  is 
not  necessary  that  nev  1/4  ton  trucks  be  exposed. 

There  exists  at  this  time  a  total  of  107  observations  of  damage 
to  1/4  ton  trucks  soq^osed  under  varying  conditions,  l^on  establishing 
the  value  of  forces  inflicting  damage  in  future  tests  an  insight  can  be 
gained  on  the  causes  of  the  effects  of  previous  tests  where  anomalies 
were  present. 

Gh  the  supposition  that  atomic  tests  will  include  troop  indoctrin¬ 
ation  programs f  where^  equipsMnt  will  be  exposed,  it  is  recommended 
that  the  damage  evaluation  be  in  accordance  with  the  procedure  described 
herein.  It  is  of  importance  to  consider  the  time  required  for  repairing 
a  given  damage  from  the  standpoint  of  combat  use  only.  In  this  manner 
a  continuous  effort  can  be  made  to  increase  the  reliability  of  the 
present  damage  criteria. 

With  regard  to  engineering  and  design  problems  concerning  ordnance 
equipment,  the  following  has  been  submitted  b7  H.  D.  Duppstadt  (Item  a) 
aM  C.  D.  Montgomery  (Item  b)  who  were  engineering  consultants  to  this 
project t 

a.  Within  pressure  regions  where  vehicles  are  no^  dismembered, 
dsBMige  can  be  decreased  and  vehicles  put  into  combat  use  more  readily 
by  providing  the  vehicles  with  (1)  roll-over  safety  bars  and  (2) 
flexible  mountings  for  engine  and  transBd.ssion  components  that  are 
reinforoed  to  withstand  very  high  separating  forces. 

Much  of  the  damage  is  inflicted  to  vehicles  as  a  result  of  over¬ 
turning.  A  properly  attached  roll-over  safety  bar  on  the  vehicle  would 
absorb  some  of  the  Impact  with  the  ground  and  effectively  minimise 
damage  to  the  body  as  well  as  porevent  bending  of  the  steering  wheel  and 
steering  oolians.  The  present  flexible  mountings  for  engine  and  trans¬ 
mission  ocmponents  ore  dependent  on  rubber  bonded  to  steel.  These 
mountings  perfoni  their  intended  funotien  satisfactorily  in  normal 
operation  but  idien  forces  of  oertain  magnitude  are  applied  in  an 
opposite  dlreotlon  as  a  result  of  overturning,  separation  occurs.  If 
the  flexible  mountings  were  redesigned  whereby  steel  interlocks  were 
Inoorporated  then  hi^rer  forces  would  be  required  before  separation  of 
ocmponents  would  ooour. 

b.  Previous  testing  has  shown  the  weapon's  effects  on  the  compon¬ 
ents  of  many  of  the  older  vehicles  (Light  Tank  M24  and  Medium  Tanks  M26 
and  M46} .  Since  many  of  the  major  oosyKnents  are  similar  to  the  new 
production  tank  designs,  repetition  of  component  testing  should  be 
avoided.  Possible  piloted  effects  can  be  made  on  some  of  the  cos^Km- 
ents  such  as  engine  and  tranmsission,  tracks  euod  roadwheels  and  suspenr* 
slons  of  the  new  type  vehicles.  The  new  vehicles  which  are  typical  and 
and  likely  to  be  found  in  a  tactical  area  are:  90  ma  Oun  Tank  M48  and 
155  sm  Self -Propelled  Vehicle  T97.  Effects  on  components  of  new 
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vehicles  for  which  Infonoatlon  Is  lacklog  are:  Armor  (Hull  and  Turret), 
gun  and  gun  mountings  and  optical  devices  and  fire  control.  Information 
Is  needed  which  would  yield  e:qperinental  design  data  for  future  consid¬ 
eration  of  tank  designs. 
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APPENmi  A 


TABLE  A.l  Maintenance  Eehelone  Howltser  105  nn 


Damage 

To  Reatore  to 

Cmbat  Uae 
(hr)  Echelon 

To  Reatore  to 
Original  Condition 
(h. ')  Echelon 

Axle 

8 

Depot 

8 

Dapot 

Equalizer 

8 

Dapot 

8 

Dapot 

Traile 

1 

Field 

1 

Field 

Wheela 

1 

Org. 

1 

Org. 

Brakea 

1 

Field 

1 

Field 

Top  Carriage 

4 

Field 

4 

Field 

Pintle  Pin  &  Buahlng 

55 

Depot 

5 

Dapot 

T^veralng  Worm 

1 

Field 

1 

Field 

Trayersing  Rack 

1 

Field 

1 

Field 

Eleyating  Meohanin 
Handwheela 

1/2 

Field 

Field 

1/2 

Field 

Croaa  abaft 

2 

Field 

2 

Field 

Maohaniam  hooaing 

2 

Field 

2 

Field 

Cradle 

3 

Field 

3 

Field 

Eleyating  Area 

1 

Field 

1 

Field 

Equllifarator 

3/4 

Field 

3/4 

Field 

Shlelda 

1 

Qrg-Fleld 

1 

Field 

Recoil  Msobanlam 

1 

Field 

4 

Dapot 

Barrel 

1/2 

Field 

1/2 

Field 

Breeob  Machanlam 

1 

Field 

1 

Field 

Firing  NaohanlaB 

1/4 

Field 

1 

Field 

Sighting  Equlpaent 

1 

Field 

1 

Field 
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TABLE  A.2  Malnteoanoe  EohelonB  -  Traok-Layliig,  Armored,  Combat 
Vehlolea 


Component 

To  Restore  to 
a  Combat  Usable 
Condition 
(hr)  Echelon 

To  Restore  to 
a  Rebuilt/New 
Condition 
(hr)  Echelon 

Main  Amament 

8 

Depot 

8 

Depot 

Co-axle  Machine  Gun 

1 

Org. 

1 

Org. 

Stowage  &  Ready  Racks  (Turret) 

16 

Field 

16 

Field 

(Inol.  Turret  Floor) 

Sitting  Equip,  for  Main  dm  & 
Co-axle  MG 

1 

Org. 

1 

Org. 

Periscope  Holder 

2 

Org. 

2 

Field 

Vision  Blocks 

2 

Org. 

2 

Org. 

Radio 

8 

Org. 

8 

Org. 

Interphone  Junction  Box 

1 

Org. 

1 

Org. 

Turret 

8 

Depot 

8 

Depot 

Tracks,  rac'd  whole 

6 

Org. 

6 

Org. 

Tracks,  rac'd  in  sections 

12 

Org. 

12 

Org. 

Roadwheels  (each) 

1 

Org. 

1 

Org. 

Suqpport  Rollers  (each) 

1 

Org. 

1 

Org. 

driving  Sprockets  (2  on  1  side) 

4 

Org. 

4 

Field 

l^iving  Sprockets  and  Hub 

6 

Org. 

6 

Field 

Track  Idlers  (plus  time  to  break 
&  repair  track  -  4  hrs.) 

1 

Org. 

1 

Org. 

Hatch 

3 

Field 

3 

Field 

Exterior  Stowage  Boxes 

1 

Org. 

1 

Org. 

Fender  (each) 

2 

Org. 

2 

Org. 

Headlights 

1 

Org. 

1 

Org. 

Ikiving  Controls  -  Adjust 

1 

Org. 

1 

Org. 

Instnownt  Panel  &  Connections 

2 

Field 

2 

Depot 

Seats  (one) 

1 

Org. 

1 

Field 

Bow  MG  Ball  Mount 

2 

Field 

2 

Depot 

Main  Engine 

36 

Depot 

36 

Depot 

Auxiliary  Engine 

4 

Org. 

4 

Org. 

Fuel  Tank  (plus  time  to  remove  & 
replace  Main  Engins-36  hrs.) 

2 

Depot 

2 

Depot 

Cooling  System  &  Fans 

12 

Field 

12 

Depot 

Fans  only  (M-46's) 

8 

Field 

8 

Depot 

Final  Drive  or  Cross  Drive 

40 

Depot 

40 

Depot 

Rear  End  Final  Drive 

30 

Depot 

30 

Depot 

NOTE:  This  type  of  ▼ehlole  has  do  Araas,  the  azaored  hnll  serves  in 
place  of  a  frasM.  If  the  hull  beooaes  warped  or  bent,  the  only 
thing  to  do  is  to  salvage  the  vehicle  or  to  find  another  de¬ 
stroyed  vehicle  that  has  the  desired  piece  of  anMr  in  good 
condition,  then  by  welding  patch  iq;>  one  of  the  two  vehicles. 
Then  you  have  a  vehicle  that  will  serve  for  a  short  tiae. 
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APPENDIX  B 


Moments  of  Inertia  of  the  Vehicles 


The  moments  of  inertia  of  the  vehicles  were  obtained  calcula¬ 
tion.  To  find  the  moment  of  inertia  uf  a  vehicle  about  a  selected 
axis,  the  vehicle  was  divided  into  various  parts.  Using  a  weight 
analysis  chart  and  body  builder's  diagram,  a  weight  and  distance  from 
an  arbitrary  axis  (chosen  for  convenience)  were  assigned  for  each  part. 
After  idealizing  the  shape  of  the  part,  the  moment  of  Inertia  of  the 
part  about  the  arbitrary  axis  was  obtained  using  the  relation: 

la  s  leg  +  (w/g)d2 

leg  r  moment  of  inertia  about  center  of  gravity  of  part, 
d  =  distance  from  c.g.  of  part  to  arbitrary  axis. 

z  moment  of  inertia  of  part  about  arbitrary  axis, 
w  -  weight  of  part, 
g  s  acceleration  due  to  gravity. 

The  resulting  values  for  all  parts  were  smied  to  obtain  the 
moment  of  inertia  of  the  vehicle  about  the  arbitrary  axis. 

The  moment  of  inertia  of  the  vehlole  about  its  center  of  gravity 
was  found  using  the  same  esqpression: 

lat  s  logt  ♦  (n/g)d^ 

Then;  Icgt  *  la^;  -  (B.l) 

Where:  lat  z  moment  of  inertia  of  vehlole  about  arbitrary  axis. 

logt  =  moment  of  inertia  of  vehicle  about  c.g.  of  vehicle, 
d  z  distance  Arom  arbitrary  axis  to  axis  through  c.g. 
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-  weight  of  vehicle, 
g  =  acceleration  due  to  gravity. 

The  same  expression  B.l  was  used  to  calculate  the  moment  of  in¬ 
ertia  of  the  vehicles  about  the  expected  axes  of  rotation.  These  axes 
were  aa,  through  the  most  forward  point  of  contact  of  the  front  wheels 
with  the  groundi  perpendicular  to  the  longitudinal  axis  of  the  vehicle; 
bb,  the  axis  through  the  most  rearward  point  of  contact  of  the  rear 
wheels  with  the  ground,  perpendicular  to  the  longitudinal  axis  of  the 
vehicle;  and  cc,  throu^  the  outer  point  of  contact  of  the  wheels  on 
one  side  with  the  ground,  parallel  to  the  longitudinal  axis  of  the 
vehicle.  The  values  resulting  from  the  calculations  are  shown  in 
Table  B.l. 


TABLE  B.l  Calculated  Moments  of  Inertia  -  li-135  and  K38A1 


M-135  2-1/2  ton  truck: 

Axis  perpendicular  tc  side 
leg  :  12,600  slug  -  Tt^ 
Isa  s  35,770  slug  -  ft2 
Ibb  s  40,580  slug  -  ft^ 
Axis  parallel  to  side 
leg  =  2272  slug  -  ft2 
Ice  r  9291  slug  -  ft2 


^08A1  1/4  ten  truck: 

Axis  perpendicular  to  side 
leg  -  790.6  slug  -  ft2 
laa  -  2032  slug  -  ft^ 
Ibb  s  2203  slug  -  f t2 
Axis  parallel  to  side 
leg  =  172.9  slug  -  ft2 
Icc  =  983.7  slug  -  ft^ 
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APPENDIX  C 


TABLE  C.l  Damage  Evalmtlon 


Project:  3.21  Date  of  Evaluation:  5/11/53 

Item:  No.  42  Truck,  cargo,  2-1/2  Date  of  Exposure:  5/9/53 
ton  6*6  M-35 

Range:  3.21  j  -  2860  ft  Orientation:  Side-on 

Inmediately  Caaba t  Usable:  No. 

Remarks:  Vehicle  %ias  turned  upside  down.  Righted  b^  use  of  a  wrecker. 
Oil  and  water  checked,  levels  found  to  be  correct.  Vehicle 
was  started  and  driven  to  the  assembler  area. 

Man-hours  to  restore  to  Coobat  Usabilit7:  \/2  hr 

Class  of  Maintenance  to  Restore  to  Coidjat  Usability:  CbrganiMtional. 

Man-hours  to  Cooqpletely  Restore:  24  hr 

Class  of  Maintenance  to  Cosqpletely  Restore:  Field 

Was  Vehicle  operated?  les 

How  many  miles:  15-1/2  miles.  Operation  was  satisfactory. 

Remarks:  Engine  top  panel  tom  off,  hinge  asserii)lies  and  both  hold 
down  oateh  assenblies  broken.  Left  engine  side  panel  blown 
off,  hinge  assg.  broken,  right  engine  side  panel  bent  and 
hinge  assemblies  broken  and  bent.  Cab  windshield  blown  out, 
inner  and  outer  frames  Hashed.  Cab  fkame  assembly  smashed 
and  tom  off.  Left  door  asseadhly  bent,  hinges  sprung  and 
glass  assembly  broken.  Companion  seat  and  bade  rest  ooshion 
assmably  badly  burned.  Cargo  body  sides,  f^ont  and  end  gate 
bent.  Cargo  body  raoks  w/troop  seats,  end  and  intermediate 
bow  ttibes  bent  and  broken.  The  damage  to  this  vehicle  was 
superficial. 
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TABLE  C.2  Dsnage  Evaluation 

Type  of  Vehicle:  Truck,  Cargo,  Date  of  Evalmtlon: 

2-1/2  ton  6x6  K35 

5/14/53 

USA  No.  41209451 

Position: 

3.21  j  - 

2860  ft 

Component 

Remarks 

Man-Hours  Req.  to  Restore 
CU*  Completely 

1.  Bumpers  and  Guards 

Front 

Rear 

No  damage 

No  damage 

2.  Cooling  Sjystem 

Radiator  &  Mounting 
parts 

No  damage 

Radiator  Baffles  and 
Shroud 

No  damage 

Lines,  Fittings, 
and  Thermostat 

No  damage 

Water  Ponp 

No  d£unage 

Fan  and  Fan  Belts 

No  damage 

3.  Springs  &  Shock  Absorbers 

Front  Springs,  Shackes, 
and  Attaching  Barts 

No  damage 

Rear  Springs  and 
Attaching  Parts 

No  damage 

Shock  Absorbers  and 

Parts 

No  damage 

Torque  Rods 

No  damage 

4<  Fkvnt  Axle 

Front  Axle  Assembly 

No  damage 

Front  Axle  Housing 

No  damage 

*  Combat  Usable 
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TABLE  C.2  Damage  Evalmtion  (Cont'd) 


C(»iponent 


Remarks  Man-Hours  Req.  to  Restore 
CQ«  Completely 


Front  Axle  Differential  No  dameige 

Front  Axle  Sterrlng 

Knuckles,  Arms,  Bearings 

and  Shims  No  damage 

Fjront  Axle  Shafts, 

Universal  Joint  and 

Flanges  No  damage 

5.  Vfheels,  Hubs,  and  Dnans 

Wheel  Assembly,  Studs,  No  damage 

Nuts,  Seals,  Hubs,  &  Drums 

Tires  and  Tubes  No  damage 

6.  Hood,  Fenders,  and 
Itunning  Boards 

Fenders,  Running  Boards, 
cuid  Attaching  Parts 


Hood  and  Attaching 
Parts 


7.  Electrical  System 


Generator  &  Regulator 

No  damage 

Starter  &  Controls 

No  damage 

Distributor 

No  damage 

Spark  Plug  &  Cables 

No  damage 

Combat  Usable 

Left  Aront  fender  slightly  1-1/2 

bulged.  Left  rear  running 
board  banger  bent  dovn  about 
3”.  Right  rear  running  board 
hanger  bent  downward  sli^tly. 

Left  engine  side  panel  wAinge 
assemblies  tom  off  and 
missing. 

Engine  top  panel  blown  off,  1 

hinge  assemblies  twisted  a^ 
broken.  Both  hold  down  oatofa 
assemblies  broken 
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TABLE  C.2  ‘  Damage  Evaluation  (Cont'd) 


Ccmponenta 


Remarks 


Mao'-Hours  Req.  to  Restore 
G(J  Completely 


lastnaent  Cluster, 
Gages,  Clroult  Breakers 
and  Svltohes. 

Head,  Tall  and  Marker 
Lights. 

Sending  Units 

Horn  and  Button 


Batteries  &  Cables 


Chassis  and  Wring 
Harness 


8.  Engine 

Engine 

Cylinder  Head  &  Blook 
Oil  filter 
Crankoase  Breather  & 
Filler 

Oil  Pan,  Oil  Lines, 
and  Level  Gage 

Intake  &  Exhaust  Mani¬ 
fold,  &  Heat  Control 

Air  Compressor 

9.  Controls 


Instrument  cluster  panel 
bent  out  slightly 


Left  headlight  lens 
scorched 

No  damage 

Horn  circuit  breaker  relay 
broken  loose  l^on  fire  vail 

Electrolyte  drained  out  of 
batteries 

Insulation  covering  on  ric^t 
front  headlight  wiring 
frayed 
No  damage 

No  damage 

No  daauge 
No  damage 

No  damage 

No  damage 


No  damage 


No  damage 


1/2 

1/2 


1/6 

1/6 

lA 


Steering  Msobanlai 


Steering  Wheel 


Steering  gear  Jacket  axid  2 

shaft  bent  slightly,  but 
still  operable. 

Sterrlng  wheel  bent  &  charred  i/2 
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I&BLE  C.2  OBoage  Evaluation  (Cont'd) 


Components 

Remarks  Man«4Iours  Bsq.  to  Restore 
GtJ  Coapletely 

10.  Body  and  Cab 

Cab 

Rear  of  oab  assembly 
bent  inward  slifi^tly. 

Cab  frame  assembly 
smashed  &  destroyed. 

RiC^t  side  of  InstruBsnt 
panel  buckled  imard. 

Right  Aront  oorner  of 
oab  assembly  bent  forward 
about  1-1/2  1a> 

6-2/3 

Doors,  Glass  &  Handles 

Right  &  left  door  asseat- 
blles  bent,  upper  & 
lower  hinge  assemblies 
bent.  Both  door  glass 
assemblies  broken. 

2 

Windshield,  Cowl 
Ventilator,  &  Attaoh- 
ing  Parts 

Cab  windshield  blown  out. 
Inner  &  outer  Arames 
mashed  &  destroyed.  Left 
&  rl^t  oovl  ventilators 
votings  assemblies  bent  & 
sprung.  Top  oowling 
ripped  f^om  fire  wall  &  oab 

1 

e 

Cab  Floor  &  Parts 

No  damage 

Cab  Seats  &  Parts 

Ibriver's  seat  &  backrest 
cushion  assembly  soorohed. 
Companion  seat  &  back  rest 
oushion  assembly  burned 
partially.  Cos^xilon  seat 
leg  broken  &  seat  oushion 
assembly  tom  loose  from. 
inward. 

1-1/2 

Stowage  Backs,  Boxes, 
and  Straps 

Tool  box  w/door  and  hinge 
assembly  bent  and  mashed 
inward. 

1/2 

Cargo  Body,  &  Troop 
Seats 

Cargo  body  and  troop  seats, 
left  side  of  cargo  body 
bent  inward  about  9  in. 

1 
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table  C^2  Damage  Evaluation  (ContM) 


Componenta 


Remarka  Han-Houra  Req.  to  Heatore 
CD  Conpletaly 


Right  aide  of  oargo 
body  bent  inward 
about  2-1/2  in.  Cargo 
body  endgate  bent  bent 
outward  alightly. 

Handlea  bent  down.  Rront 
of  cargo  body  bent  down 
and  out  about  1-1/2  in. 

Left  flront  hold  down 
bracket  &  bolta  bent 
alightly.  Left  aide  cargo 
body  aiU  miaaing.  Left 
rear  aplaah  ahield  w/ 
bracket a  bent  alightly. 

Left  &  right  oargo  body  raoka 
w/troop  aeata,  end  &  inter¬ 
mediate  bow  tubea  antaabed  & 
deatroyed.  Flvnt  oargo 
body  raok  w/atakea  bent  and 
broken. 


11.  MLaoellaneoua  Body  axd 
Cab  Farta 


Canvaa  Itema,  Bowa  and 
Curtains 

Cab  Paulin  w/rope  assembly 
torn  off  &  destroyed 

Mirrora,  Windshield 
Vipers,  and 

Refleotors 

Ri|^t  rear  view  mirror 
broken.  Ertension  tube 
bent.  Right  &  left  vind- 
shield  viper  motors  v/ 
arms  &  blades  missing. 

Left  firont  &  left  side 
amber  refleotors  soorohed. 

SpeedOBwter 

No  damage 

Air  Storage  Tanks 

Ho  damage 

12.  Frame  and  Braokets 

Pyrame  Assembly  and 

No  damage 

Braoketa 
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TABLE  0^2  Damage  ^Valuation  (Cont'd) 


Cofflponenta 


Remarks  Man-Hours  Req.  to  Restore 
01  Conpletely 


Right  side  of  cargo 
body  bent  inward 
about  2-1/2  Cargo 
body  endgate  bent  bent 
outward  slightly. 

HaMles  bent  down.  IVont 
of  cargo  body  bent  down 
and  out  about  1-1/2  in. 

Left  flront  hold  down 
bracket  &  bolts  bent 
slightly.  Left  side  cargo 
body  sill  missing.  Left 
rear  splash  shield  w/ 
brackets  bent  slightly. 

Left  &  right  oargo  body  racks 
w/troop  seats,  end  &  inter¬ 
mediate  bow  tubes  smashed  & 
destroyed.  Fjront  oargo 
body  raok  w/stakes  bent  and 
broken. 


11.  MiseellADeous  Body  and 
Cab  Parts 

1/2 
1 


Speedoneter  No  damage 

Air  Storage  Tanks  No  damage 

12.  Frame  and  Brackets 

Frame  Assembly  and  No  damage 

Brackets 


Canvas  Items,  Bows  and 
Curtains 

Mirrors,  Windshield 
Vipers,  and 
Reflectors 


Cab  Paulin  w/rope  asseid)ly 
torn  off  &  destroyed 

RiC^t  rear  Tlew  mirror 
broken.  Extension  tube 
bent.  Right  &  left  wind¬ 
shield  wiper  motors  w/ 
anas  &  U^es  missing. 

Left  front  &  left  side 
amber  reflectors  scorched. 
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TABLE  C.2  Damage  Evaluation  (Cont'd) 


Cmponexits 

Remarks 

Man-Hours  Beq.  to  Nestor# 
CD  Osmpletely 

Pintles  &  Toviz^g 
attachments 

No  damage 

Spare  Wheel  Cairier 

No  damage 

13.  Exhaust  System 

Muffler 

No  damage 

Exhaust  &  Tail  Pipe 

No  damage 

14.  Fuel  System 

Carburetor 

No  damage 

Fuel  Pump  &  PrimiJig 

Pump 

No  damage 

Air  Cleaner 

NO  damage 

Fuel  Tank,  Lines, 
Fittings 

No  damage 

Goremor 

Ho  damage 

Aooelerator,  Throttle, 
and  Choke  Controls 

No  damage 

15.  Propeller  Shaft  Assembly 

Propeller  Shafts 
(all  units) 

No  damage 

Pillow  Blocks 

No  damage 

16.  Rear  Axle 

Rear  Axle  Assembly 

No  damage 

Rear  Axle  Housing 

No  damage 

Rear  Axle  Differential 

No  damage 

Rear  Axle  Shaft 

No  damage 
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TABLE  C.2  Dsmage  Evaluation  (Cont'd) 


Components 

Remarks  Man-Hours  Req.  to  Restore 
CU  Conpletely 

17.  Transmission 

Transmission  Assembly 

No  damage 

18.  Transfer 

Transfer  Assembly 

No  damage 

Transfer  Case,  Plugs, 
Cover,  &  Gaskets 

No  damage 

Shift  Levers 

No  damage 

19.  Brakes 

Hand  Brakes 

No  damage 

Service  Brakes 

No  damage 

Hydraulic  System  Master 
Cylinder,  Assembly, 
Lines,  Fittings,  and 
Clips 

No  damage 

20.  Paint 

Scorched  4 

Lubrication 

1 
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TABLE  C.3  Shot  9  (Cont'd) 
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_ _ _ _  TABLE  C.3  Shot  9  (Cont»d) _ _ 

Position  psl  Ranin  Item  Orlenta-  Degree  Damage  To  Restore  t 

(Tt;  tion  of  Eeserlptlon  _ Combat  Use 
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scorched 
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Cowl  torn,  seats  se4 
shield  glass  broken. 
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3.21  q  130  715  57  m  FO  S  Trails  bent  &  tvisted,  right  wheel  12.5  Field 

Oun  blown  off,  shields  &  sighting  equip-  Salvage 

ment  blown  off,  recoil  housing  & 
cradle  twisted.  I 


TABT.R  C.4  Shot  10  (Cont'd) 
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table  C.4  Shot  10  (Cont'd) 
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TIBLE  C.4  Shot  10  (Cont'd) 
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_ TABLE  C.4  Shot  10  (Cont'd) _ 

Position  psi  Ranee  Item  Orienta-  Degree  Deunage  To  Restore  to 

(ft)  tion  of  Description  _ Combat  Use 

Damage  Man^  Naint . 

Hours  Echelon 


3.21  af  8.4  2415  2-1/2T  SO  M  Truck  upside  doim,  hydrostatic  lock,  6  Org. 

both  ftont  tires  blown  out;  body, 
cab,  hood  &  cowl  bent  £:  torn.  Hole 


TABLE  C.4  Shot  10  (Cont'd) 
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TABLE  C.5  Ifamage  Evaluation 


Type  of  Artillery: 
USA  No.  Tube  No. 

Component 

57  mm,  AT,  KL 

5671  Carriage  No. 

Remarks 

14701  Date  of  Evaluation: 
5/30/53. 

Position: 

3.21  p  650  ft. 
Recoil  No.  9944 
Man-Hours  Req.  to  Restore 
CU*  Completely 

Axle 

No  damage 

Equaliser 

No  applicable 

Trails 

Right  &  left  trail  assem¬ 
blies  bent  and  twisted 

6-1/3 

6-2/3 

Wheels 

Right  wheel  disc  &  rim  4 

assembly  v/bvb  &  brake  dnm 
blown  off,  spindle  bent. 

Left  wheel  disc  &  rim 
assembly  bent.  Wheel 
spindle  bent. 

4 

Brakes 

Right  brake  meohaniam 
assembly  tom  off  wheel 
spindle  flange.  Left 
hand  brake  lever  &  ratohet 
bent. 

2 

2 

Top  Carriage 

No  damage 

Pintle  Pin  and 
Bushing 

Pintle  pin  bent,  pivot 
battered  (repair  time  ii^ 
oluded  \suler  trails  40  min). 

Ikaverslng  Worn 

Not  applicable 

XraTerslng  Rack 

Not  applicable 

Elevating 

Meohanlsm  -  Hand 
Wheels 

Elevating  meohanlsm  band 
wheel  bent  &  broken 

V4 

lA 

Cross  Shaft 

Not  applicable 

Housing 

Elevating  meohanlsm  worm 
shaft  bracket  broken 

1 

1 

Elevating  Aros 

No  damage 

«  Combat  Usable 

158 

SECRET*  RESTRICTED 

DATA 

TABI£  C.5  Damage  Evaluatioji  (Cont*d) 


Component 

Cradle 

Bqui  libra tor 
Shields 

Sighting 

Equipment 

Recoil  Mechanism 

Barrel 

Breech  Mechanism 
Firing  Mecl^niam 
General  Condition 


Remarks  Mao-Hours  Req.  to  Restore 

CU  Completely 

Cradle  assembly  bent 
slightly  on  bottom. 

(Repair  time  included 
under  trails,  1  hr) 

Not  applicable 

Right  and  left  upper  shield 
assembly  and  lover  shield 
assembly  broken  and  blown  off. 

(Repair  time  included  under 
trails,  2  hr  40  min.) 

Telescope  and  mount  blown  off  l*lA 

and  destroyed. 

Appeared  to  be  undamaged 

Appeared  to  be  undamaged 

Full  of  dirt,  but  operable 

Full  of  dirt,  but  operable 

Right  &  left  trail  assmo-  4 

biles  bent  &  twisted.  Right 

wheel  assembly  tom  off, 

idieel  spindle  bent.  Left 

tdteel  assembly  and  spindle 

bent.  Elevating  hand  wheel 

broken.  All  shields  blown  off 

and  broken.  Cradle  assembly 

bent  on  bottom.  Dsmage  to 

this  weapon  was  extensive. 

Dust  and  dirt  was  blown  into 
all  exposed  bearing  surfaces. 

Weapon  requires  cleaning,  paln'^ 

Ing,  and  lubrloatlon. 
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TABLE  C.6  Damage  Evalviation 


Type  of  Vehicle:  M4A3ES  Date  of  Evaluation:  5/29/53 


Component  Remarks 


^fan-Hola's  Heq.  to  Restore 
CU  Completely 


1.  Ttirret 


Main  Gun 

Appears  OK 

Co-axle  MG 

Appears  OK 

Ammunition 

None  installed 

Stowage  & 

Ready  Racks 

Appears  OK 

Sighting  Equip¬ 
ment  for  Main 
Gun  &  Co-.ixle 

None  installed 

Periscopes 

Gunners 

Other 

None 

Vision  Blocks 

Saxid  Blasted  &  cloudy 

1-1/2 

Radios  (i 
Interphone 

None  installed 

Aerials 

None 

External 

Condition 

Turret  jansaed,  will  not  rotate 

14 

Internal 

Condition 

General  disorder, 

but  repairable  5 

10 

Hiill-Exterior 

Tracks 

Loose  4 

4 

Road  wheels 

Sand  blasted  and  charred 

Support 

Rollers 

Appears  OK 

Etiving 

Sprockets 

Several  bolts  sheared 

2 
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TABLE  C.6  Damage  Evaluation  (Cont'd) 


Component 

Remarks 

Man-Hours  Req.  to  Restore 
CU  Ccxnpletely 

Track  Idlers 

Appears  OK 

Hatches 

Blown  open.  Engine 
door  blown  open 

4 

Stowage  Boxes 

IGRB  Lid  Missing 

2 

Fenders 

Blown  off  &  missing 

1 

Lights 

None 

External 

Condition 

Sand  blasted 

3.  Hull- Interior 


Driving 

Controls 

Appears  OK 

Instrument  Panel 

and  Glass  broken,  electrical  2 

Connections  connections  broken 

2 

Seats 

Broken  15 

15 

Bow  MG 

None 

Ammunition 

None 

Stowage  Boxes 

Appears  OK 

Internal 

Condition 

General  disorder  and  4 

dirty  -  dust,  etc. 

10 

lotive  Power 

pjain  Engine 

Engine  mowt  broken,  40 

wiring  burnt  in  several 
places.  Overhead  valve 
cover  bent  in  about  2  in. 

40 

Auxiliary 

Engine 

Appears  OK 

Fuel  Tanks 

Appears  OK 
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TABLE  C.6  Damage  Evaluation  (Cont'd) 


Conponent 

Cooling  System 
and  Fans 

Transmission 
and  irlve 
Shaft 

Final  Drive 

Painting 

Lubrication 


Remarks  Kan-Hours  to 

CU 

Sluroud  bent,  but  fan 
vill  rotate 

Appear  OK 


Appears  OK 
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Restore  to 
Completely 

10 


10 
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APPENDIX  D 


D.l  STILL  PHOTOGRAPHS 

The  photographs  taken  of  the  various  Items  esqMsed  in  Shot  9  and 
Shot  10  during  DFSHOT-XNOTHOI£  are  shown  in  the  following  figures. 

Many  photographs  have  been  taken  of  the  items  esqposed  before  and  after 
each  shot,  but  only  those  are  included  which  it  is  felt  are  of  the 
most  interest. 
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fig.  0.1  Po0.  3J21f  Shot  9  >05  (sido-oo)  Boforo  Blaat 


fig.  0.2  Fos.  3.21  1  Shot  9  -  M38A1  Boforo  BUst 
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Fig.  D.3  Fob.  3.21  1  Shot  9  -  Typical  Position  Before  Blast 


Fig.  D.4  Pos.  3.21  f  Shot  9  -*  90  nsi  A/I  Quns  Installed  Before  Blast 
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■  ' 


Tig.  D.5  Po8.  3.21  d  Shot  9  -  M38A1  (Side-on)  After  Bl^et 


Fig.  D.6  Poe.  3.21  d  Shot  9  -  M38A1  (Feoe-on)  After  EUet 
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Fig.  0.7  Poa.  3.21  •  Shot  9  -  M35  (Sldo-on)  iftor  BlMt 
(Ccapare  with  below) 


Fig.  0.8  Poe.  3.21  e  Shot  9  -  K35  (Feoe-oa)  After  Bleat 
(Compare  with  above) 
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Fig.  D.9  Pos.  3.21  ia  Shot  9  -  Dynamic  Pressure  :  2.6  psi  computed 
from  Measured  Pressure  (Compare  with  below) 


Fig.  0.10  Pos.  3.21  ag  Shot  10  -  Dynamic  Pressure  r  2.0  psi  computed 
from  Ideal  Curve  (Compare  with  above) 
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<t8h 


Fig.  D.IO  Pos.  3.21  ag  Shot  10  -  lynamio  Pressure  s  2.0  psi  computed 
from  Ideal  Curve  (Compare  with  above) 
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Fig.  0.7  Fob.  3.21  •  Shot  9  -  >05  (Sldo-on)  Aftor  BlMt 
(Coapare  with  below) 


Fig.  0.8  Poe.  3.21  e  Shot  9  -  K35  (Fhoe-on)  After  Bluet 
(Coaqpare  with  above) 
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Fig.  D.U  Po8.  3.21  ia  Shot  9  Moasixred  PresBure  :  10.2  psi 
(Conpare  with  below) 


Fig.  D.12  PoB.  3.21  i  Shot  10  -  MeaBuired  PreBBure  -  9.0  pai 
(Compare  with  above) 
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Fig.  0.13  T^orl^tiag  Ovartunisd  K3811  After  Shot  9 


Fig.  0.14  I^prii^tlag  Orertomed  M35  After  Shot  9  Uaing  5-Ton  Mreoker 
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Fig*  D.18  Shot  10  90  Hi  lA  Qun  (ftgilaeod)  Aftor  Blast  Strook  hgr  Oahris 
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Fig.  D.20  Fob.  3.21  v  Shot  10  Pg  -  27  psi  57  nm  Qm,  After  Blast 
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Fig.  D.22  Pos.  3.21  0  Shot  10  P,  ■  200  pal  Mtdltai  Task  After  Blaat 
Turret  In  Rear 

17% 
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Fl«.  0.23  Pot.  3.21  u  Shot  10  P.  .  $1  p«l  Mtdlia  Tank  AfUr  Bltti 


Tig.  0.24  Pot.  3.21  n  Shot  10  Pg  -300  pti  MBdium  Tank  After  Blast 
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Shot  10  Pg  :  39  pal  2-1/2  Ton  Truok  Aftar  BUst 
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Conunder,  Flying  Training  Air  Force,  Waco,  Tex. 

ATTN:  Director  of  Observer  Training 
Connander,  Crew  Training  Air  Force,  Randolph  Field, 

Tex.  ATTN:  2GTS,  DCS/O 


l4l  CooBLunder,  Headquarters,  Technical  Training  Air  Force, 
Gulfport,  Miss.  ATTN:  TA&D 

142-143  Connandant,  Air  Force  School  of  Aviation  Medicine, 
Randolph  AFB,  Tex. 

144-149  Connander,  Wrl^t  Air  Developoent  Center,  Wrlght- 
Patterson  AFB,  Dmyton,  0.  ATON:  WCOSl 
150-151  Coonander,  Air  Force  Cambridge  Research  Center,  230 
Albany  Street,  Cambridge  39,  Mass.  A'nN:  CR(4ST-2 

152- 154  CoDBuuuler,  Air  Force  Special  Weapons  Center,  Klrtland 

AFB,  N.  Hex.  ATTN:  Library 

155  Coonandant,  USAF  Institute  of  Technology,  Wrlght- 

Patteraon  AFB,  Dayton,  0.  ATTN:  Resident  College 

156  Connander,  Lowry  AFB,  Denver,  Colo.  ATTO:  Department 

of  Armament  Training 

157  Cocnander,  1009th  Special  Weapons  Squadron,  Head¬ 

quarters,  USAF,  Washington  25,  D.C. 

153- 159  ^Ne  itAND  Corporation,  17OO  Main  Street,  Santa  Monica, 

Calif.  ATTN:  Nuclear  Energy  Division 
160-166  Technical  Information  Service,  Oak  Ridge,  Tenn. 
(Surplus) 


OTHER  DEPARTMENT  OF  DEFENSE  ACTIVITIBS 

167  Asst.  Secretary  of  Defense,  Reaearch  and  Development, 
d/d,  Washington  25#  D.C. 

166  U.S.  National  Military  Representative,  Headquarters, 
SHAPE,  APO  55,  c/o  W,  New  Tork,  N.T.  ATTN:  Col. 

J.  P.  Hsaly 

169  Director,  Weapons  Systems  Evaluation  Group,  OSD,  Ite 

asiOOb,  Pentagon,  Washington  25,  D.C. 

170  Armed  Services  Explosives  Safety  Board,  D/t),  Building 

T-7#  Gravelly  Point,  Washington  25#  D.C. 

ITl  CosBBDdant,  Armed  Forces  Staff  College#  Norfolk  11, 

Va.  kTBti  Secretary 

172-177  Coomndlng  General,  Field  Cniand,  Armed  Foreee  Spe¬ 
cial  Weapons  Project,  FO  Box  5IX,  Albuquerque,  I. 

Hex. 

178-179  Covandlng  General,  Field  Command,  Armed  Foreee,  Special 
Wsapona  Project,  PO  Box  5100,  Albuquerque,  N.  Hex. 
ATIN:  Technical  Training  Group 

160-168  Chief,  Armed  Forces  Speelsl  Weapon'  Project,  Vaeblngton 
25,  D.C. 

189  Office  of  the  Technical  Director#  Directorate  of  Ef¬ 
fects  Tests,  Field  Ccenand,  AFSWP,  PO  Box  577, 

Menlo  Park#  Calif.  ATTN:  Dr.  1.  B.  Doll 
190-196  Technical  Information  Service#  Oek  Ridge,  Tenn. 

(Surplus) 


ATCHiC  NNIRGT  COIMISSION  ACTIVITnS 

197-199  Atomic  Energy  Coailsilon,  Claeslfled  Technical 

L.'brary,  I90I  Conetitutlon  Ave.,  Vaahlngton  25,  D.C. 
ATTN:  Nra.  J.  N.  O'Leary  (For  tMA) 

200-202  Los  Alamos  Scientific  Lsboratory,  Report  Library,  FO 
Box  1663,  Loe  Alamoa,  N.  Hex.  ATTB:  Helen  Fvdmen 
203-205  Sandta  Corporation,  Claeelfled  Dociaent  Dlvlelon, 
Sandla  Base,  Albuquerqim,  N.  Hex.  ARN:  Martin 
Lucero 

206-207  University  of  California  Radiation  Laboratory,  PO  Box 
808,  Livermore,  Cellf.  ARN:  Margaret  Edlund 
206  Weapon  Data  Section,  Technical  Information  Service, 
Oak  Rldga,  Tenn. 

209-265  Technical  Inforaatlon  Service,  Oak  Ridge,  Tenn. 
(Surplus) 


ADDITIONAL  DISTRIBUTION 

266  Dr.  N.  M.  Newark,  Room  Ill,  Talbot  Laboratory, 
UhivaraitT  of  Illlnola,  Urbane,  lUlnoU 
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